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PREFACE. 



In preparing the following pages for publication, it has been 
my endeavour to keep the fact that 1 was writing for nurses* 
constantly in mind- So far iw 1 Ujiow, no attempt has yet 
^been made to compile a teit-buok on anatomy and physiology 
for the use of nuraes, although the subject la more or lesa 
universally and systematically taught in our training schools. 
During several yc^rs J have spent much time and trouble 
in pi'ejwiring notes on this subject for cliiss-tenehi ng, and it 
was suggested to me that if these notes could Ira put into 
fihape, tbey might prove useful in our scliools* The scheme 
of the book has been practically worked out in class -teaching, 
and in compiling the note^ from standard works on anatomy 
and physiology, I have sought to abstract that which shall 
prove valuable and interesting to the uuwe, while avoiding 
those innumerable and minute detaiU indispensable to the 
medical student- 

On firat glancing through the following pages, it may be 
thought that the structural olemenlA of the ti.4suE-H have bi^en 
dwelt upon &t greater length than is at all nece^^sary, and 
that tile whole subject bas been thereby made unneceMarily 
diffieult. tti reply Ut whirh T can only *iay tliat after rupeatfd 
experiments in leftching, tliis method haa gradually revealed 
itself to me as the moat effectual one inr making the subject 
intelligible, and T have found, after careful irtitruction in 
Ihe structure of the tissues, tlie student roost readily under- 
stands iLe functions of lh<^ different p^irtjs of ilie body. 

It is always well to bear in mind that the primary object of 
edm^ative methods is to enlarge iLe mental capacity of tJie 
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student, and not to make her swallow a mass of undigested 
facts. To insist upon accuracy of statement; to enlarge the 
pupiVs vocabulary; to train her to trace from cause to effect 
in different conditions, — if nothing else is accompiishcd, this 
is a great deal, and will make a nurse of distinctly greater 
value and of higher grade, than one whose mind has not, 
with all her training, been trained to think. 

It seemed best to arrange tbe book in chapters rather 
than in lessons, owing to the difRculty of making each sub- 
ject of an equal length; in the introductory contents, however, 
a scheme of the subject, arranged in leasons of suitable length, 
is provided- It is, perhaps, superfluous to suggest that in 
making use of the text-book for class-teaching, each lesson 
should be illustrated as far as possible by anatomical charts^ 
skeleton or manikin, and, where obtainable, by specimens from 
the human subject- 

The book has been compiled fi^m the following works: 
Quain*s "Anatomy," edited by E. A. Sclmfer, F.R.S., and Prot 
G, D, Thane ; Gray's " Anatomy," edited by T, Pickering Pick ; 
"Textrbook of Physiology,^' by M- Foster, M.A.; *^ Physiology 
and Hygiene,'' by T. H- Huxley, F.U.S., and D. J. Youmans, 
M.D.; "Human Physiology," by John C. Dalton, M.D.; "The 
Human Body," by H, Newell Martin, M.D. ; Woods' "House- 
hold Practii^e of Medicine," edited by Fred. A, Castle, M,D. ; 
"Tbe EssentialH of Histology," by E. A. Schafer, F.R.S.; 
"Practical Normal Histology," by F. M. Prudden, M.D. 

T am specially indebted to my friend, Louise Darche, for invalu^ 
able assistance- Without her aid, the book would neither have 
been begun, continued, or finished, and if it meets tbe require- 
ments of ourscbools, itwillbelargely owing to her hearty co-oper- 
ation and tbe criticism and advice given by her in every page. 

New Yohk, August lSt'lB94. 
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TEXT-BOOK 

OF 

ANATOMY AND PHTSIOLOGI FOR NURSES. 

CHAPTER I. 

INTRODUCTORT.- GENERAL OUTLINE OF THE BODY". — DIFFER- 
ENT PARTS OF THE BODY. — STRUCl'UBAL ELEMENTS OF 
THE TISSUES.— THE CELL, 

Introductory, — Tn looking upon the fully developed human 
body we are impressed with the complexity of its structure, the 
perfection of its mechanism, the mysteriousness of its life. To 
learn to understand something of this structure, this mechan- 
ism, this life, is one of our most imperative duties as nurses; for 
how can we appreciate the signiliuauce of abnormal functions, 
and the seriousness of discjvsed conditions, unless we are ac- 
quainted with the normal functions of the body, and have some 
knowledge of healthy bodily conditions? 

In the following pages we propose to give a description of 
the atruetui-e, of the position, and of the special work or func- 
tion of each part of the body. We have dwelt specially upon 
the structure of the different parts, believing that any correct 
understanding of the l>o(]ily functions must be preceded by a 
certain amount of knowledge concerning the structure of the 
organs performing these functions. 

Before taking up the Hubject in detail it is well, fii^t of all, 
to get a general idea of the main divisions* and the position of 
the different parts, and we shall therefore begin our conaidera- 
tion of the body with ati outline of its structure. 

GmmtaI ontline of the body. — It is readily seen that the human 
body is separable into trunk, head, and limbs; the trunk and 
bead arc cavities, and contain the internal organs or viscera, 
■ 1 
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while the limbs are solid or semi-solid, contain no viscei'a, and 
are merely appendages of the trunk. The limbs or extremities, 
upper and lower, are in pail's, and hear a rough resemblance to 
one another, tlie sliape of the bones, and the disposition of the 
muscles in the tliigh and arm, leg and forearm, ankle and wrist, 
foot and liand, being very similar. 

The trunk and head contain two main cavities, and looking 
at the body from the outside we should naturally imagiue that 
these two <:avities were the cavity of tlie 
heml and the cavity of the trunk, respec- 
tively. If, however, we divide the trunk 
and head lengthwise into two halves, by 
cutting tliem tlirongh tlie middle line 
from bcf<Me Ixit-kwaids, we fiEid the trunk 
and head are divide*! hy the Ixjiies of the 
spine into hack and front (cavities, and 
not into upper and lower (vide diagram). 
The doraal or back cavity is a com- 
plete bony cavity, and is formed hy the 
vertebric (hones of tlie spine) and of tlie 
bones of the skuU. It may be subdi- 
vided into the spinal canal, containing 
the spinal cord, an<l into the ci-anial cav- 
ity, which is merely an enlargement of 
the spinal oanal, and contains the brain. 
Conne<:ted with tlic doisal L'avity are the 
Fi*i. 1. — iii.ujHAMMATTr two sniall orbital cavities containing the 

L0N«.TrpiNAr «RrTi.>:. o»^ ^^ ^f -^^ 

theThunkami ilRAIt. 1,1, ^ *^-'•'• 

the dnrrtol va\\iy; a. tha The ventral or front cavity is not a 
XroiiKr^.f; c!'^''.he complete bony cavity, i>art of its walls 
b.-titsikf i]iiv,T[^i»m*fnrm- l>eing fomied of miiscular and other tis- 

thfldi^TBiii flud voiiiraidivt- f^w^^; it IS murh larger than the dorsal 
tiBs; ^2,thove..trjiii:avity, cavity, and mav l)e subdivided into the 

ity {■!). ftl>i^mi]ii:il cavliy thoracic, abdominal, and pelvic cavities. 

i:';,r^j:it;^;:%^<,:' ''"''^ tt'^'-^^-^ '^-vit^, or chest. cm>t«i„s th. 

monih, OT bmoal cavhy. trachea or Windpipe, the lungs, gullet, 

Tlirt ]illliirhl:lrv rnnnl (ill) ift i i » *i_ ,. i - - _ 

Tepre.ehtHinmMinKii.roni.li *^^*^^t* *^"" the great vessels springing 

ihe wLoit loD^iii uf tbe ven- from, and entering into, the heart. The 

^" aMominal cavity contains the stomach, 

liver, gall-bladder, pancreiid, spleen, kidneys, small and large 
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iotiustlikefi^ etc. TJie pelvic cavity contitijm bin: bljuld^r, rectum, 
utid geuerfttive organs. Connected witli the upper part of the 
vciiinii. Lftvjtv lire two small cftvitica, the bucuEil cavity, or mouth, 
cuutiiiiiiug tlie tongue, teeth, aiiliviiry gliiiidd, eto^, and the oaasl 
cavity- containing the organ of smelK 

Diff«reiit partfl of the body. — In tj] waking of tlie diffei'ent parts 
of tilt iioJy, wu usually oall eacli juirL Jtn organ, and we may say 
thnt ihe hntniiD body is made up of organB, each oi^n feeing 
adapieii to the jK^rformanee of hwjme sjM-cial work or fnn<^tion- 
Thtis (he liiii^s aiv Ltrg^iriH A[M.^Li]i11y mLt^^ted for perTormJng 
tbe fuiietion uf re^pi ratio ri« the boneii iut) orgiuiM adapted for 
HUp^Mjrt and liirminJtioii, l]ic^ kidneyn fur at^iiretrng nruie, titt^ 

Every jMrt ur organ, whefi aepiirated into luinuLe fragments, 
IS found to coiitiidt of cei-iain textures or tissues. Wlieii tbe 
body is lliua aejjaraled or disaoot-ed, and aTiidy/cd hy tbe aid of 
the iniercueopu, w<! liud that the number of distinct tidauca is 
comparatively ^mall, and some of those a^aiUi although at first 
B^hl U|>jtarent1y di^tinet, yet have ho niuuli iri common in their 
Btrueturc and origin one with another, that the nuinher becomea 
Htill further n^duced, until wa can only distinguish four diistiiict 
tifitiUdi^. vix.: — 



Tht? ^[►itbelial tissues. 
The L'onnei^tivB tissues. 



The miifloular tir<4tieB. 
The nervous tissues. 



PaniflM nisi wirii in ilie flnlfin nf thfi body, aich m the IliLln bodteB or cor- 
fDBrlte iti Uji- bluod aad lymph, An uhfi T«ckoT^ed Among them elemtfolaiy 
UflBOra. 

Some organs are formed of a combination of several of the 
above tissues; nthei^ coubun only one cr two. ThuB the 
muscW^ are marie op almost entirdy of muscular tisauc with 
oiUy a smfill intermix tui-e of eoiineetivo tit;3U0, bhiod- vessels, 
afi4 ner^'ea ; whilat tbe ligaments or sinews are eonjposed 
wholly of a variety of eonntelive tit^ne. 

Ort the other bund, there are certain organs or parts of the 
body not in themi^elveH diutiiigiiished by the preponderance of 
any tissue. vSuch are : — 

HhwH I- vessels- 
Lydipbatic vesseU. 
Lymphatic glandn and bodice 

of like stiunturs. 
Serous me m bran e^)- 



Synovial nmnkbraneH. 
Miieoui^ membranes. 
Secreting glanda, 
liitogumeut or skin. 
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Thus, though we may say the greater bulk of the body is made 

op of a combination of four distinct tissues, — the epithelial, 
connective, muscular, and nervous, — there are parts in which 
tbeoe tissues are so intimately mixed that we cannot distinguish 
any distinct variety, and we are therefore obliged to class them 
by themselves. 

Stmctiiral eleznenti of the tlHtie*- — -When any tissue is sep- 
arated by the aid of the micror^cope into its simplest parts, such 
parta are termed the structural elements of the tissue. Tlte 
simplest structural element of every tissue is a cell or ftbre,^ 
and however diversified the tissues of the body may appear to 
be, they all originate as collections of celb- All the varied 
activities of the body are the result of the activity of the i^ells 
which compose it, and it is very desi^uble, owing also Ui their 
being the foundation of all structure (the bricks, as it were, out 
of which the tissues are built), that we early acquire s<mie defi- 
nite conception of these tiny elementary bodies. 
The <wll. — A cell is a minute i>ortion of living substance 
called prob)j»lasm. wliicb is sometimes 
enclosed by a cell membrane, and al- 
ways (-iiutjiins a vesicle which is known 

,^ as the nucleus. 

Up Ut lStJ5 it was universally l)clieved 

■ — ^' that pn*t^phwm had no definite parts, 

or, in other words, wjis structureless ; 

Kro 2."DiAOBAif OP- A ^^^' wJien examined under the highest 
CitLi„ n, nncieua; p, protfr microscopical power, it ap|>earft as an 
^ exceedingly fine network of delicate 

fibres^ The width of the meshes varies to some extent; some- 
times they are narrow and close, and sometimes wider and more 
open. The interspaces are filled with a clear soft semi-fiuid 
substance and minute particles or granules of variable size. The 
microsco[)e can tell us little more than this, though there are good 
grounds for supposing that there is structure that cannot be 
directly observed. We have to turn to the chemical nature 
of protoplasm for light as to the cause of its remarkable prop- 
erties. 

All matter of whatever kind is made up of little particles or 
atoms, so small that they are perfectly invisible to the human 

L A flbre in merely n modified cell. 
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eye even when aided by rii\ the appliances ot opLic&l scieiice. 
mid it is only when a number of those atomj* unite into one 
body that tlioy bocorae vltiibk\ Every little piooo of miitter 
which wo can boo Is built up of thouaands or ratlier luilHonH, of 
these atomH. There are matiy diffeJ-ent kinds of atoiua- Thus 
we have carbon, bydroj^en, oacygen, and othei- kinds, traoh bavin^ 
ita own particular weight, and probably it* own particuLu- size 
Hnd Hbiipe. They uumbine by mutu^d ^ittraction, wbii'h in some 
caaes we call eolieslon, mid in otbeis <:}ieinical aJTinity, ajr{:ord- 
iug afl the atnm^^ are of the same or of different kindM- In tliis 
way an endless variety of slrucitures may be built up. These 
structures may be stable and solid, Ibe myriads of atoms com- 
posing thera cohering so (irmly together that it i« almost impnta- 
ttible to aeparatc them ; or they may be very unslnblc, or complex, 
the t>itrticle8 composing them being of many different kinds and 
tiiKes. litld togetUer in the loi^ost faslilou. and raady to hdl apurt 
at the 8li^hterit touch. A^^iiti, we [iiay hiiv*^ many Kliuctnrea 
varying in stability between these two eittremea. 

Pi'otoplasm is a biybly complex structure, smil its chemical 
equilibrium is so unstjxhie that it is reaily to bresik down at the 
least toneb. It is extremely sensitivR ta siiiy outside filimulus, 
Sll^dii influi^nct^ i^ansu JL in Hher ilM ^Impi^^ ninve* and eTchihit 
ntl^er pLeuuinmta; tlitse phennmcina lading mainly duB Ui the 
inter-act-ion of Llie chemical alUnities of which it is composed. 

During the life of a cell its pmt«>phw[ii is consUntly undur- 
f^oiiig changes, the chief of which may be onnmcr^ited as 

follows : — 

(1) All firotoplasm coming in contact witb oxygen alworba 
it and combines with il, Wiienevtr this combination takes 
|>lac6,a certain amount of tlie protoplasm In burned or oxidized, 
and ajf n result of this ovidatinn heat and other kinds of energy 
are produced, and carbonic acid evolved, 

(2j All protojilasm is able to take into itself, and eventually 
convert into its own snlistaniv. material tliaL is iion-livuig; tliia 
material or food h geuemlty supjHised to \nt a eomiMUMid i;hum- 
IcaI substance called ftrofftd^ wbicli is a i.'ombinalion of nitrogen, 
Oflrbon, ox3'gon, and hydrogen. In this way iha protoplasm 
may increase in amount, or in other wnids the cell may grow; 
but if the amount of pnitopla-sm doea ni»t jicrmancnlly inereaaet 
thi4 ift due to the f^ct tliat just as much protoplasm la being 
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linikeri ilnwn l»_v Ll>i? proieas of oxid-itioii, and removbd from tlie 
i^clU AA ii^ iLildfd hy the process of a±;&ituilaLion. Clitsiiut^id 
cbangea whicti involve the building up of living oiftterifil within 
the cell have leteivtrd tho gi?neniL tmnio of ariaMic eiiatiges; 
tln>He, oti the other hAnd, which involve the breaking down of 

snch matcrinl into otlier and 
^ y'^^ ^\ to sinijjier products, ara known 

as ktiiaholiif i,-li;ulgB&; wllile the 

Biunt of »ll the Aiia- ami kata- 
bolic I'huu^es which aie pm- 
I'oediiig u'lihin tlie cell are 
spokdii of ;is tlie w^fahviiwiJi of 
ii <'[;ll. Tiiese elit^iiiifal c'hiiriges 
iiie a.lwjiys mini? iikiukt^i] ax the 
activity of the cell is promoted 
hy warmth, tilci^tiical or other 
Ntimuliition, the action of ocr- 
ttun drugs, ct*. 

(3) Thti mo8t obvious pliya- 
icitl ohnng^^s wliich i.'!in W seen 
in living protoplasm, by the aiii 
of the nii(?roaco|;c, are thoao 
wbieh iiro tinned "iiiim-Wd.'* 
Thin tfi'in IK denvod from the 
fjeah water anntbFL, which h«s 
long Ijyeii objierred to exhihit 
spontaneoiiji <1ia.rijies of form, 
Hccompnnied by a flowing of its 
Mift seiriMhiid snlisl;inee. By 
virtue (if this pruperty, the cells 
Fia, ;i.— Jt,>//, I . ^-l, ^ nvKSTAflPs (i|ii, movt! from one place tnan- 

orC'Li^DivuioN, uiLki iM.iuitri [^vih- . 
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If one of these cells be 
observed under a hi^h power 
of-ft microscope, it will he seen gradusilly to protrude a i>ortion 
of its protoplnsm : this pmtninion extends itself, and the main 
part or body of tht' cell paasc^ by degrcL-a into the elongated 
prntruHion. By a repetition of t.hifi proaessi, the cell may pLido 
doipVly away from its originnl situation and move bodily along 
the field of the mieroeeope. so that an ictunl loromotion takea 
jjlace. When the nurface of these free cells comes in contact 
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with any foreign particle, the protoplasm, by virtue of its amce- 
boid movements, tends to flow round and euwiap the parttclea, 
and particles thus enwrapped or incepted may then be conveyed 
by the cell from one place to another, 

Tlie niLoleiu. — The nucleus of a cell is directly concerned in 
the reproduction and division of the cell?^. In dividing, the 
nucleus passes through a series of rcnuukable cliauges, which 
are too complicated to be studied here. (See Fig. 3.) The 
result of these changes is that either directly or indirectly the 
nucleus splits into two^ the protoplasm divides ^nd arranges 
itself around the new nuclei ; these daughter cells soon grow t^ 
the size of the parent cell, and division of these and consequent 
multiplication may pineeed with great rapidity. 

To iium up: The eell assiniihiles, is continually builtling 
itself up, and repletiishirig its sU>i-e of enei'gy, is as continuall3' 
breakitig down into simpler products, with a setting free of 
energy; it grows; it moves; it reproduces itself — in other 
words, it is alive and is the basts of all life* 



CHAPTER II. 

ORIGIN OF TISSUES- — EPITHELIAL TISSUES: STRATIFIED^ TRAS- 
SITIONAL, JjlMPLIi:. 

Origin of tUtuea. — In the first chapter we stated that the body 
is made up of difTercat parts or organs, each having some 
special work to do; each part is made up of tijjsues, of which 
there are four distinctive kinds; each tissue is made up of 
structural elements, cells aiid fibres; and finally, each fibre 
being a modified cell, the cell is the basis of all the bodily 
structures. 

Thus, in the early embryo, the whole body is an aggloment 
tion of celLs, Tht-se have all been formed from the ovum or 
egg-cell, which divides into two cells; tliese again into two» 
and so on until numbers of cells are prnduccd. Eventually 
these cells arrange tliemseives in the form of a skin or mem- 
brane which is composed of three layers. These layers are 
known I'esjjcc lively as the epihtast^ or upper layer; the me^O' 
blmt^ or middle layer; the hypoblast, or under layer. The 
epiblast is supposed to give rise to the nervous tissue and most 
of the epithelial tissue; tlie mesoblast to the connective and 
muscular tissues; the hypoblast to the rest of the epithelial 
tissue. Of these tissues, the epithelial is the simplest, and most 
nearly allied to the primitive tissue, and will fii'st engage our 
attention. 

Epithelial tlutio. — Epithelial tissue is composed entirely of 
cells united together by cohesive matter. The cells are geneiv 
ally so arranged iis to form a skin or membrane, covermg the 
external iind internal surfaces of the body. This membrane is 
seen when the skin is blistered, the thin and nearly tt-ansparent 
membrane raised from the surface being epithelial tissue — in 
this situation called epidermis, because It lies upon the surface 
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of the true skin. In other sitnatioiiy. tpithelial tissue usually 
reteivcB llie general name of rjtiThriium, 

CUuification, — We luny ulsusify tLe VHrieties of epithelium 
according tt> lli« sJiapi? of Lht ctUs which uonipnse them, or 
according to the HrrinigemenL o^ these cells in layei's. Adopts 
mg the Utter and simpkr dasdificatioii, wq distinguish three 
main varieties: the stratified, consisting of tnnny layers; the 
IriUJMtionaU con^^isliug of two or thi'ee inycrs; the simple, con^ 
flisUn^ of i\ single layer of cells* 

1. Stratified epithoiium. — Tlie cells corapoain^ the different 
layoi^ i>l' atniUtiL'il cpitheliuiii differ in ahupe- Aw a rule, the 





P. imly^Diiul L-tf]]fc iiWvp Iliui4i?; jf, tluUQnc-cl cuIIe b«ar (lie enrriiri^ UriiiTauij tLio 
tfi All. 

oe]l5 of the deepest Inyer ai-e coliimnfLr in almpc; the nest, 
rounded or many-aided, whilst thoao nearest the surface tire 
alwii>'» flattened iiikd ucale-liki;. the protoplasm of the cell heing^ 
finally uonverteil into a horn-like su1>itjknce. The deeper Hoft 
celld of a etnUilied epithelium are continually mulliplyhig by 
eeU-division» and as the ne\v (.-ells whk-h are thus |irrnlnced 
iit the deeper p;irta ifiereiuie iu size, they compress and jmsh 
outwards those previously formed- Tn this way cells which 
Wf'Ti* at first deeply seated nre jjntdually shlfteil oiitwnrds and 
Qpwnrdj^, growing hiirder jus iliey a[iproa(.'h the _siirfjii;e. The 
older superficial cells ai-e l>eiiig contifiiiiilly rulilied off as the 
new orie.s conlinnally r-i?^e U[> Ln supply their piace», 

Stratitied epithelium cnvers the aulerifir surface of the eye, 
lines the mouth, the diief p^rt of the pk^rynx, the gullet, the 
vAgirt^ and part uf tlie uterus, hut itj4 most cxtcnt^ive distrihu- 
lion is over the surface of the skin, where it fornia the epider- 
mia* Wherever a surface ia liable to abrasion we Gnd stratified 
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Boaly epillielium. an'l \v& may therefore cliwsjfy it ^l* h protec- 
tive epitlu'lium. 

2. Transitional epithelinra. — This \>i si im»ltlii^i.ti(m of strati-] 
Had epilljuliuiM, <;ohbii4t,iJi^r oiilv ol Lwo in- lUmc laycm uf udl^. 




Fn». ."». — SniTlUTi "P TUB TllAHHrTHlNAr KplTllRl-n'K LlWINil TUP bLA1>I>Hm 

The supePlitUiLl i^i-lls iu\-. Isirge itnil (liit.teiipd, having nn their 
undL'i" surfiiut: ileprejisinns into whltrh fit the Urger anils of the 
j>eai''.slia|ieil Cflls whit^h form the nfjst laytr. Between llie 
tiiperijig erulfl of tlie^e pear-flha[)etl celU lii'e otie or two liijei'a 
of siiifXlUr, [miuy-si<led t^elb, tlie epithelium being reiiewe<l by 
division of Iheae deeper tella- Tliia kind oE traiiaitional epilhe- 
Huni liiu\s the lihukLn- and ui'ctcra* 

y. Simple epithaLium. ^ Tltia in cfimposej of t\ single layer 
cells. Thu cells fanning' ninglis Uyera tut? of distinctive jjhftpo, 
and have distinctive fuiiutiontt in different piirts of the body, 
■j^j The ohicf vnrietiea are tiie povemeiit* col- 
unuimv ghuidalii]-, sind eiUated. 

Ill simple pavement e]nthi.'li nin thf ('ells 
ffiiin (la-ti, niMny-siih'd phites or sL^ales, whkh 
(it Lo^elher liku the tilett of A mofuiie pav^ 
ment. It forms very Hniool.li siufft'-es and 
lines the heart, bloful-vcJi^eLs, jlilJ lym- 
irom a BarmiB mcfrntfraDc; phiitJcs ; the nmminary ducts, the serous 
c.flvitiea. etc. 
The colutonar epithelium is a variety of simple cpithehum in 
which the celU have a priamabic ahapo. and are aet upright on 
the siii'Flicc whieh they cover. In profile these colb look some- 
what like a cloee palieatle, their edfjcH, however, being cften 
iztegular and jjigged, especially where free or " wauder-eelU" 
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^ueu£e in between them. Columnar epithelium is found in iU 

must L'hameWrJijtic fonii liiiinc; the mucoita 

meiiihr.uie of the intcstiiml tiLiiitl. *\^t^^??i^hl^}»~i 

Ol&iidiilar t^pith^Jiurii iw fouiul in the re- ^^A*^**^^^ 
oessea of seeretjug glanils. Tlie cells are of ^" 
manv iiiffL*ieut slmiies, und are UHuallv set Fi'»7--S'«rLKC'jL- 
ronna n tubulai' or sfiet-ulitv oavity, into tliei'-'iu, 'shiipp-illnlur 
whi.-fi the a«rn.nion i» p<mi-e-L The proto- ;^'«i'*ta..v iM>t*«.^u u.e 
jilfWHiu of thcAi; eells is geiierully lilleil hy 

the iri:ilei iiils wlildi Uie gliind 
seurelfis. 

Iij ciliated I'jiitVii-liniM ilmreUs, 
wIiLlIi iuc gtn^^ntllj^ tuhiiiinar u\ 
shiipe. btar at their free extreni- 
itas little hair-likf prooeaacs 
which nre Jigltiitud inteaaniitly 
with a Ifwhiiij^ or vJhmtinp mo- 
tion. Thf8u miiiutif unci delimte 
prccesjjes aiv iinmod I'iUa, utid 
umy Ite regarr led as motive prolon- 
pitioiiK of ihe ^?i.'ll-proloplasui, 

WITH THf! CKtT,rt :4KT niPlM^ K SlMfl.K ^ 

BinvLAH t.ltAKr>. [»i(iUiy imiyriLiioa.j IS )jest steii wlieii Ihey are unt 
trimiuiiiB.) iitiiiu^ very i]ii'u.'V\y, Thi' mo 

Liuii of an individnitl eiliinn may l*tj i^unipajed t<i tlj(? ln-sh-Iikt? 

miitiiiti of a »hi>ri-lKiii(l]t'd 

w}ii[n ilie cilium beiiL^^ Th^i- 

iJlv b«Lit in one ciirc^ction. 

Tile motion dottt not involve 

t\K wlmle of the cillnted s\iv- 

lucv at the game monn-nt, 

butiM |>erfonned Ijv tlie ^.iha 

in re^pilar suace8sion> ^Iv- 

incj me lo ihe appearani-c of 

a **eries of wave^ tnivclliug 

«long the surface like tin. p.^ y._ni.,^„„EriTHKLni« ™ovthil 
waives eaiised hy ihf Wliul m mas TBirHKA. |Hli;lily mji^infflL'd,) a, 
in A heUl of wheat. When 

thrj" are in very rapid action, their motion conveys the Jiea of 
fiwiftly running wal«r. 
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Cilia have been shown to exist in almost every class of ani- 
mal, from the highest to the lowest. In man their use is to 
impel secreted fluids, or other matters, along the surfaces to 
which they are attached; as, for example, the mucus of the 
trachea and nasal chambers, which they carry towards the out- 
let of theae passages. 

Ciliated epithelium is found in the air pass^es, the genera- 
tive organs, ventricles of the brain, and central canal of the 
spinal cord. 

To recapitulate: The moat important situations in which a 
covering or lining of epithelial tissue is found in the body 
are: — 

1- On the surface of the integument, or external skin. 

2- On nkucous membmnea, or internal skin. 

8- On tlie inner surface of serous membi'Enes, and on the 
inner surface of the heart, blood-vessels, and lymphatics. 

4. Lining the ventiictes or cavities of the brain, and the 
centiul canal of the E^pinal cord. 

Some varieties of epithelium are specially modified to form 
protective meinbi'unes; others to elaborate or make secretions; 
otlieiT*, again, to form smooth linings for oppf>sing surfaces; 
and yet othei^s to keep the surfaces they cover clean, by sweep- 
ing outwards material that would otherwise accumulate, and 
clog important passages. 

The hairs, nails, and the enamel of the teeth, are modifica- 
tions of epithelial tissue. 



CHAPTER III, 

CONNECTIVE TISSUES: CONNECTIVE TISSUE PROPER, ADIPOSE 
OR KAT TISSUE, RETICULAR AND LYMPHOID TISSUE, CAR- 
TILAGE, BONE. 

Following the claasiRcation of tissues we have adopted, the 
next group of tissues to be studied is that knowa as the con- 
tiective tissue group- This includes : — 

Connective tissue proper. 
Adipose or fat tissue- 
Re tic ular and lymphoid tissue. 
Cartilage, 
Bone, 

These tissues differ considerably in their external character- 
istics, but are alike in that they all serve to connect and support 
the other tissues of the body; they tend to pass imperceptibly 
the one into the other ; there are many points of similarity 
between the cells which occur in them, and we may, thei^fore, 
reasonably group them together. 

When connective tissue first begins to be formed as a distinc- 
tive tissue, the cells which are set apart to form it are round in 
^hape and loosely packed together; later these ceils begin to 
throw out branches and to form a kind of network with 0[)en 
spaces. In these open spaces a semi-fluid substance is de})Osited 
vhich gradually becomes more consistent, and in ibis sul)stance 
is develo|>ed the particular fibres wliicb are the clitef structural 
characteristics of connective tissue proper. 

Our description of epithelial tissue was briefly this : a skin 
or membrane formed of cells, which cells may be of a variety of 
shapes, and be arranged in one or more layers, ft is distinctly 
a tisBQe of cells with very little of what we call intermediate or 
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intercellular mibelflm.'o lying Ixstweeii tlio celU. ComiecUvo 
tissue (lifftrn from cpithvliEiI tishue in halving a groit deiU of 
intercellular substance between its eel L^ and ivocording to Ihe 
maimer in wliii.-h tbU intercellular sub?iuiice develops do we 
gel the fliffer^nt vrint^ties of connective tissue. 

ConnectiTe tiaaue proper, — Tliere are three modifit^iitions of 
eontiecLive tissue prii|it!r ; \h. tie iireftki, the libious, and 
llie elastic- 

Aiool&i tiisuen — If we niJike w cut tlirou^di the iskin. and pro- 
ceed ti> riiir^c itifrom the jiiirU lying b^'nti^th, we observe thai it is 
loosely lioiinectcd lo them h_v ii soft iilmy 6ul)rttauce of consider- 
able tvnncity and elasticity. This i^ nreobr tissue. It is ahto 




Fro- 10. — ScnccTAWKorn Akeol.ml Tis'si'b tuorn A Yp>us'j RAflurr- (ITiKliIy 
ma^lHHiJ-) {K- A- S.) Tite wliile 1Umi?4 ari' iej vuvv IjiuicU^fl, l^t r^liiiiTic' fiUrvn form 
nik (Hn'n Hf lw*iTk- j', f. ''lu.'ln^l!ll*>il i*('ll'» ; //^ prunnliir i-cd ; t\ r, hrrLin^ltiric l-iiui'llitr 
coll;*; !•'. n tliil[nMi^l Of'ii. of whi^'li iiiil\ lim niii^U'iis and Kumv m-iitiHrfvl frrniiiitu arv 
Ttallile;/. IkhrilUtKlrclL 



foiind, in like manner, under the serous and niueous rae 
braiies,^ imd serves tn attach theiu to the piirtr; which thev line 
or cover. Proceeding further, we find this areolar tUsue lying 
between the muscles, the hlood- vessels, and other deep-sealed 
paitft; nlso forming investing KheiUhs for the muscles^ the 

1 Thcsr membranes line the IntpriiaL c&ritl« uid eurfaii^a gf the bo 
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nerves, the blood-vcaaels, and other parts. It both connecta 
and inaulivtes entire orpins, »iiid, lu Jiddition, performs the same 
oflice for ihe fijier piLils of wliii'h iLesi! or^'tins ans nindo up. It 
]js thus one of the uiost geiitrid mid luorit estcnsivcily dir?tnbutc'd 
of the tifi«ues. It ia» moreover, continuous throughout the body, 
And from one region it niuy be iraoed witliout inteiriijjtion into 
any other, hiuvyver distjiiii, — u fut^t nut wiihout iutoi'est in prao- 
tiual medidntt, seeing llmt in this wny air, wiit*?r, nnd other 
fluids, efrus**il iiiUi tho areiilni' tissue may s^uead fur from the 
sjioL whert? liiuj wen- fiiT*t intnnlnced or deiK»siL«d. 

Seen with tliti naked eye^ ititdlnr ti^ssue ap{)«Ai^A to be cnni- 
por*eil of i\ nuildtude {.*( fine tin'eads and iilnin crrwsing iiifgii- 
laily in every iniiiginjvMtJ direction, leaving open spaces or 
arrtrltr between thoiu- Viewed with the microscope, these 
threads nnd hlins are seen to ho prinripnlly rmile up of wavy 
bmidli^i* of exquisitely tiue, tmuspiLrmit. wbitt^ iibre:*, nnd these 
bimdlas intersect in all direi^tions. Mi\ed ^'ith tho white 
fifires are n oortniu nunil)cr of elcwlie lihrea, which do not f<irm 
bundles, »Tid Juive a stnught. instead of a wavy outline. The 
o*,'ll8 of the tissue, of wliieh there 
upe seveml vaiietLGS, li^f in the 
Hjiaces between tht? hnmlles of 

On t'ciMnantig the areolai" tissne 
of dilTertMit jriirt^ it ia obHi^i-vt^d in 
smuc Lo be iijore looae and 0£)en in 
texture ; in otlit^i^ moi-e clo^c and 
dfrnsc, according iis-frcie movement, 
^r lirm contiet-lion between jjarta m 
to liu [»if>vitl('d for. 

FibroQ* tiBBue, — Fibrous tiaene it; 
ilklitnuU^ly iLlht-d in strn^jtnre Ui 
the ft]<E?o]ar tissue, but the handiest 
of white ijbrii* eohere veiT elosely. 
»nd intfli-ful of inierlsteing- in every 
dirt-ction run for the most part in 
only one (ir two diiertuuiM, and Lhn» 
oonfor n distinctly fibiooa iLspect on the pnrta which they com- 
(wae. This fibrous tissue is met witli in the form of lig^imonta, 
ConnectiDg the bones together at the joints, and in the form of 




Fia. It. — FraitoiFa TiHni'n. mou 
run Losom'tiN^L SErjuis op A 
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Binewfl or tendons, by means of which the muscles are attached 
to the bones. It also forms fibrous tnenibranes which invest 
ftnd protect different parts or organs of the body* Examples 
of these ai^ seen in the periosteum and perichondrium, which 
cover the bonea and cartilages, and in the dura mater, which 
lines the J^kull and pi'otects tlie brain- Fibrous membranes, 
called /aitaitFy are also employed to ejivelop and bind down the 
mufldes of different regions, of which the great fascia, enclosing 
the muscles of the thigh and leg, ia a well-known example; 
and, under the name of aponeuroses^ serve for the attachment of 
rauaclcB in various parts of tlie body- It thus appeara that 
fibrous tissue presents iti^elf in the form of strong tjands or 
coi'ds, and of dense sheets or membranes. 

Fibrous tissue is white, with a peculiarly shining silvery 
aspect. It is exceedingly strong and tough, yet perfectly 
pliant; but it is almost devoid of extensibility. By these qual- 
ities it is admirably suited to the purposes for which it is used 
in the human frame. By its inextensile cltaracter, and by its 
strengtli, it maintciins in apposition the parts which it connects, 
and we tind that tlie ligaments and tendons do not sensibly 
yifld to extension in the strongest muaeidar eifoita ; and though 
they sometimes snap asunder, it is wdl known that bones will 
break more readily than tendons; and the RbiTius membranes or 
aponeiii'oses are equally strongs tough, and unyielding. 

Elastic tissue. — In elastic tissue the wavy white bundles are 
comparatively few and imlistinct, an<l there is a proportionate 
development of the elastic fibres. Wlien present in lai^e num- 
bers they give a j^eilowish colour to the tissue. This form of 
connective tissue is extensile and elastic in the highest degree, 
hut is not so strong as the fibrous variety, and breaks across the 
diieetion of its fibres when forcibly stretched. 

It occurs in its most characteristic form in what is called 
the Uffatftfnta suhjiava^ which forms an elastic band between 
some of tiie bones of the spine. Elastic tissue is also found in 
the walla of tlie air tubes ; unites the cartilages of the larynx ; 
and entei-s largely into the formation of the walls of the blood- 
vessels, especially of the arteries. 

Tlieso tliree vaneties of connective tissue agree closely with 
one another in elementary structure. It is the different aiv 
rangement of the cells and tibres, and the relative proportion of 
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one kind of libre to the other^ that gires them their difFeieut 
chdntctei'istics : the interlacing of the wavy bundles of fiiiet^t 
librtvi, giving ua the dulicate web-like ni'eolttr lissiic; tlie close 
|HLirking i>f ilnja(! bumllea, giviug ua the deiiau o[nt<4ae tibi-ous 
niembriLiki^B and brmdcj; and the pi'eponderaiiue of the elListic 
fibre*, furiiisbiijf^ th<* yj^teunile elusliu tisisue. 

i'hia C0IU1L3CUVB tissin: ]>ro[jer, aa wu hiive alioady uoted, is 
used for puri^ly mechiiniu^d purpose*^ : fanning inexLsiisile biiLids 
or puHej'ij stnjn^ in'oi<?c;tive niernbrdiies ; AvtWik*^, biTKlinj^, and 
Bupporuiig i^iatfrriid: hlieatlis of varj'ing degrees of density; 
eltutir? bftiidN or inembriintds ; nnd it also serves to cany the 
blond'-i'eHNels^ lyiiifiliALicr^, and iiervsiS to tbe parts which it 
coEktLccU ;uh1 {TOVefS, 

AdipoM tissue. — Wlien fnt ^st begins to be formed in the 
embryot it id deposited in tiny dro[)let8 in same of the celiti 




Pia T? — X Ficw FAT-rKM.'* rmw tut AfiK-iin tir a Kat-Lobitle, Vary 
btatily tiiH^nlllKl. /.ff. fjkl-iEl^lMiLiP^illsliiiKlliis b TjiHh'II ; u, [tiu.]Diu. rh. muutliuiit- 



of tho areoliir eotinective tissue; these droplet** increase in si/e, 

and eventuftlly nm lot^Ptlxer so as In form one huge dntp 
bi each cell, liy fm-tber deposition of fsii the ctdl bcotitiies 
Hwollcu out to A she far beyojid that which it possessed orig* 
jjially until the protoplasm remainj* aa ei delicate envelope suv- 
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roundiog tbe fat drop. Ab these cells increase in number thej 
collect intn small groups or lobules, which lobules are for the 
most part lodged in the meshes of the areolar tissue, and are 
also supported by a fine network of blood-vessels. This fatty 
tissue exists very generally throughout the body, accompanying 
the still more widely distributed areolar tissue in most, though 
not in all, parts in which the latter is fouud. Still, its distribu- 
tion is not uniform, and there are some situations in which it 
is collected more abundantly. It forms a considerable layer 
underneath the skin, in the subcutaneous areolar tissue ; it is 
collected in large quantity around certain internal parts, 
especially the kidneys; it is seen lilling up the furrows on the 
surface of the heart; it is deposited beneath the serous mem- 
branes, or is collected between their folds; collections of fat 
are also common around the joints, padding and filling up 
inequalities; and, lastly, the fat exists in large quantities in 
the marrow of bones. 

Adipose tisane, unless formed in abnormal quantities, confers 
graceful outlines upon the liunian frame; it also constitutes an 
important reserve fund, by storing up fatty materials, derived 
from the fond and brought to it by the blood, in such a form 
and manner as to be re^ulily reabsorbed into the circulation 
when needed. 

Betifonn and lymphoid tissue. — These tissues closely resemble 
the areolar variety of connective tissue, except that the bundles 
of fibrils occurring in them are very much finer, and the meshes 
of the open and fine network are filled with fluid and with 
lymph cells. The reticular or retiform tissue forms the whole 
framework of some of the oigans of the body, and enters largely 
into the formation of the raucous membranes. The lymphoid 
or adenoid tissue coni(K)ses the greater part of the lymphatic 
glands, and other allied structures, and is found also in some 
mucous membranes. These tissues wiU be more fully described 
in connection with the organs in which they are found. 

Cartilage.' — This is the well-known substance called "gristle." 
When a very thin section is examined witli a microscope, it is 
seen to consist of nucleated cells disjtosed in small groups in a 
mass of intercellular substance. This intercellular substance 
is sometimes ti'ansparent^ and to all appeaninces homogeneous 
or structureless ; sometimes dim and faintly granular* like 
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ground glass: both these conditions are found in wliat U called 

"trvf" or hrfalinf curtiliigt, mid which \e the moat tj^jiical form 

of the tiHSue. Thei-e is iniother 

variety of caitilagfi in wliicli the 

intercelluUr tnibalaiiot; is evc^ry- 

wbere pervaded witlk lihn^N. 

When tli€ fibres arc of ibc wljite 

vaiit'ty, it is called wkiir fihro- 

tsartUttgt ; when tliej are elastic 

SbK'Hi. it is oiilkd t/sllow or elastic 

Although cartilage can be read- 
ily cut with a uharp knife, it is 
oeTerthtiles^ of very firm coiiki^t- 
ence, but at tlie same time highly 
elastic, sfi that it readily yields 
t4> t?xteiisioj] or pressure, arid im- 
mediately recovers its original 
shape when the const raining 

foroe la withdniwn- By reaaoii >SF#i**cr" i.^utir 

of tlic«e ineclmniral nroiwrtiea it ^'^- t^-Anti.uLAH nvAii>i. 

* ' , (-AltTfLA<:E KTlUh THE KHMUlf nH KH 

serves important jnirjjoses m the oi. *, jnii-rt'ijiuur suiiiiaihT: p. 
OOMUuction of aomc pjirta of tbe Pi^'-^H'i^ttilc^l; n.nucliiui., iB**- 

body. 

Hvalino cartilage occurs pHnoipally in two situations; viz. 
covering tho ends of the bonea iw the jointss, where it ia known 
as artic^ular cartilago, and forming tlie rib cartilagc^i. where it ia 
knowa as eoatal c^rtiliige. In both these situations the earti- 
lages are in immediate eonneetiou with bone, and may bo naid 
to form part of tlie tikeleion. The artitiular cartilages, in cov- 
ering the end>{ or Hurfaeea of brtnea in the joinU^ pmvide theNs 
harder |iiirts with a thic*k, spiiiigy cniiting^. whicb breaks the 
foi^t^ of ront'URsion, and givf^ ea^e to tbe inutioii of the joint. 
The cosliil ciirtilagea, in forming a considerable part of the 
9o]rd frjimework of the thorax or cln?st, impart elasticity to itfi 
walla. Hyaline cjirlilage aL'M} enteiTi into tiie formation of the 
DoaCt car, larj'ux, and windpipe. It ^strengthens the substance 
of lli^M' i^arta without making them nndiily rigifi. niaintaiiiB 
tiieir bljAjje, keeps open tliu pa8sii[*<^K thMiigh them where tiueh 
exwt, and givea attachment to movLig muscles and connectin^^ 
Jigamenls. 
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Elastic or yellow fibro-oartilHge is tougher and more flexible 
than hyaline cartilage; it only occurs ii] parts of the throat 
and ear. 

White fibroH^rtilage is found wherever great strength com- 
bined with a certain amount of rigidity la required; thus we 
find it joining bones together, the most familiar instance being 
the ilat round plates or disks of fibi^cartilage connecting the 
bones of the spine and the pubic bones. White fibro-cartilage 
very closely resembles white fibrous tiasue. 

Caitilage is not supplied with nerves, and very rarely with 
blood-vessels. Being so meagrely supplied with blood the vital 
processes in cartilage are very slow, and when a portion of it is 
absorbed in disease or removed by the knife, it is regenerated 
very slowly. A wound in cartilage is usually at fitst healed by 
connective tissue proper, which may or may not become grad- 
ually transformed into cartilage. Nearly all cartilages receive 
their nourishment from the perichondrium which covers them, 
and which is a moderately vascular fibrous membrane. 

Bone. — Bone is a connective tissue in which the intercellular 
or ground substance is rendei'ftd hartl by being impregnated 
with mineral salts. 

On sawing up a bone it will be seen that it is in some parts 
dense and close in texture, appearing like ivory, whilst in 
others it is open and spongy, and we distinguish two forms of 
bony tissue, the dense or conipact, and the spongy or cancel- 
lated. On closer examination, however, it will be seen that 
the bony matter is everywhere porous, and that the difference 
between the two varieties of tissue arises from the fact that the 
compact tissue has fewer s[iaces and more solid matter between 
them, and that the cancellated has larger cavities and more 
slender intervening bony |>artittons. In all bones the compact 
tissue, being the stnmger, lies on the surface of the bone, and 
forms an outer shell or crn.st, whilst the lighter spongy tissue 
is contained within. The sliafts of the long bonea are almost 
entirely made up of the compact substance, except that they 
are hollowed out to form a central canal — the medullary canal 
— 'for the reception of the marrow. Marrow is also found in 
the spongy portions of the bone in the si>aces between the bony 
partitions. 

The hard substance of all bone is arranged in bundles of 
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bony fibres or lamella, which in the cancellated texture join 
and meet together so as to form a otracture i-esemblinp lutlice- 
work {^L\inef//i}, iind whence this tissue receiver its name. In 
the eonquwi tissue these lainellaj Jiro umiiilly iirnm^cd in cloao 
rings an^tind ea:ial!i wliich carry bltKid-vesKele in a longita- 
dtiml (Uix't'tiud l.iiningh the bi^iieft. Between the himc^llfe are 
hmuchi^il n^f-Wn wljieh tie in oelUsiHUiBa ur cuvities L-alle*! tafntruF, 
And ninning out iii a 
wheel -like or radtftl 
direction IVom ench la* 
ctuia ure numerous tiny 
Hfiknals or t^anaticiili 
eouueotiiig one cell- 
space or Uciin^ with 
Enoiher^ and forming a 
vystem of ftiinute ini^T- 
com ni 11 Ti i c a ting chan- 
ntsU. 

All boiies are cov- 
ered by ai VAHCular 
filirniLH niemt)rHne.» the 
jtrritfiUuiiu iind. unlike 
cartilai^, tbe bonea ace 
plentifully supplied 
with hiijod. If wc 
strip thiti pcrioetcum 
from a fre«h bone, 
»« flee many bleeding ^^ m.^t^^^^k^^ t?i.™.« o. Co«rACT 

points representing the Twjii'k [i>r HiraHftimf iMiRnltli^J ab-ml iriOfUua- 

TTointA at Whii-h tln> "^^'" ISlmnK-v-.} Thr«,»l Ih- }U^b»iBi. nun}m 
jHJiHU* ill. wiiu-u uii, ^^ ,^^^^ ^.^^^ jli^,ii, ^nn^^j^jTjp ,.|n^ fuliirlv inrti- 

b1ood-ve»4;&elfl ^lenetrate 141111 , nUu iiii> k]irLitiii\ virh ihfi i-niHikuli »tii«iii1- 
,L 1 I, pf Irij; (n>iii iliifin aiTri»:i tbi.' iltrtK.'L.ii>]i oi llib ciH'lrrliii|f 

Uie none. AFt«l in- i^j^^^^,^^ „ ,ri,n.tinrn- riii^s, 

teriiig ibe bone the 

bltHid runs through loirjrlludinjil chiinni'lH whieh ronimiiuicate 
freely with one another, iind are c^iilh-d, from tin- nauit of 
their diecorerci'. Iliivei'SLaii canala^ Araund tltc^e Htvversian 
1* aa we have already 3taUd> the himoUn.^ are dUponed in 
igit while the lacunic containing the b<nicH:e]]B ai'c also 
ftnrmnged, between the lamollro, in circles around the catiab. 
As the oanaJionlt run in a mdial direction fmm the lacunn^, it 
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follows that the innermost onea must run iJito the Havciuiati 

oanttis, so thut there is a dii^ecL communication between tlio 
blood in tbetie {Miiials und the oelU in the la^oiuija. In thit^ way 
the whole t^ub^tance of the bone is penetrated by intercom^ 
munieatin^ eliaunels, and nutrient matCera and mineral saltA 
from the blood in the Haversian can&ls can find their way to 
every jwirt, 

Tlie ntiiieral or earthy subbtanee ^vhich i& deposited in bene, 
and which mukeM it hurd, a.U]i>uiiis to alK>uL two-thirds of the 
weight of the bone. It eonsiata ehivfly of phosphate of lime, 
wit^ about a fifth part of carbonate of linK;, and a smnll portion 
of other salts. The ^oft or aniraal matter oontilzit^ chieHy of 
blood- vee^eb and connective tiasjc, and may be resolved by boit- 
infjf almLtst entirely iiiti) gelatine : it con,stLtutes about one-third 
of the weight of the bone. This proportion of animal and earthy 
eonstiluents in, however, subject to variations. In ehildi-tiii the 
animal maUer ta apt to predominate, and we tind that their 
boneH ai^ more liable to bo bent when injured, or only partially 
broken, i*n in the typical "green-atick *' frat^Uire. Again, in iij^ 
people tho earthy conutitueriiti increase, the animal nialuer lie- 
conies deticient in quality and quantity, and euniieqiiently their 
bones are brittle, and moi-e liabl*; t*i fmctnre. 

In the re-uuion of fiaL'tured bones now bony tissue ia formed 
between and around the broken enda, connecting them tbmly 
together; and when a portion of bone dies, a ^jrowth of new 
hone very gonomlly takes place to a great^ir or leas extent, and 
the dead paii: is thrown off. The periosteum is largely con- 
cerned in this process of repair; for if a portion of the perios- 
teum be stripped off, the subjacent bone will be liable to die* 
while if a large part or the whole of a bone be removed, and 
the periosteum nt the same time left intact, the bone will 
wh-olly, or in a great measure, be regenerated. 

In the embryo thn fnundntion nf the vkFleton 1b laid in t^anilTL^^ qt in prlmi- 
Utu incicbmriiiuH fonntctive Ijmuc, oftsiflcaliiTin "f (lie hmta oftiirrlaB ]nt&. 
TLr ttank'iiin^ or (HiUli:Htiiia nf the bunts Is urc^cintpUdlied 1j> Lbe ['■^uiLariiiLoc] uf 
bl4>Lid-v^48elq And li'in^-cf'lls, culled tuileo-bliistfl, from itm pfTiristtum. Ai 
tbcy pvDotrabe Into the c-nrtjlii^lnouA or tnmxilfrAitoiiA m^clo, Uioy nbaorb tbc 
carcllage and i^oiiQHCtlvb tiRMUir uiid dtiiiiHJl llie t\r\io boue ihfiuv nt varinux 
[•nJiiLj imui Un-y form th*? pa«i<?ubt bony rtrurtori? witli whinh m-u nw* fumilinr. 



CHAPTER IV, 

THE SKELETON. 

The bones are the principal oi^ns of Bupport, and the pas- 
sive inatruments of locomotion. Connected together in the 
skeleton, they form a framework of hard material, affording 
attachment to the soft parts, maintaining them in their due 
position, sheltering such as are of delicate structure, giving sta- 
bility to the whole fabric, and preserving its shape- 

The entire skeleton in the adult consists of two hundred dis- 
ttnct bones. These are : — 

The spine, or vertebral column (sacrum and coccys 

included) 26 

Cranium 8 

Face 14 

Os hyoidea, stfrnvim, and ribs 26 

Upper extremities 64 

Lower extremities 62 

200 

In this enumeration the patellfe^ or ktiee-pans« are included as 
aeparate bojies, but tlic smaller nesamoid hones, and the small 
bonejj of the ear, are not included^ 

These Iwnes may be divided, aeuordiiig to their shajie, into 
four classes ; Long, Short, Flat, and Inegular, 

The long and short bones are found in the eTctremities. Tl^e 
flat and irregular Itouea are found in tiie trunk and head, with 
the exception of the patellar, whiidi are two sniall flat bones 
found in the lower extremities, and the scfipulfe^ whit^h are also 
two flat bones usually reckoned among the bones of the upper 
extremities. 

The bones of the trunk and head are used chiefly to form 
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Gftviiies amX to support and 
proieet the orgHU* cmiUvinyd 
in these cavities. The boiiett 
of tlio exireinitles eiicla'je no 
cnvilicts, anci -.iw. chleily iwi*d 
iii lIih upper extreirity for 
tiicl fintl piThi?nsi<ni, and in 
the lowfjr hiv anjiport and 
locomotion ; in lx>th flitu.v 
tion8 they form a system of 
levers. If thu durffiet of miy 
bono tA exatninefl, cert^iin 
enun^ncijs iind deprdbsiona 
are aeon, u'hieli are of two 
Iciitda : articular and nou- 
articular. Non-articuliir pro- 
cesses and d(^preKsio[i;i Ktirve 
for attachment of lignnieiits 
and musi.df'H ; thn articular 
art? provldi-d for llit; mutual 
connection of joints, 

LoDg* bone*. — A long bone 
conaibts of u lengthened 
cylinder or almfl and two 
extrcmitiesH The shaft U 
fornut! uininlj' of compact 
tisHut^, tliifi (^ompflot ti^uo 
being thickest in the mid- 
dle: it is hollowed out in 
the interior to fonn tlie 
niC'dullRry canal. The es- 
tremitifs are made up of 
s[M>ngy tiHNUe ivitli only a 
thin coating of compact nub- 

Ptg. ift— t.,. Srbleto:., a, i»rieT.i ^taucc. and avti mnrt or h^ 
bane; ft, fronini; Ct k'prvjcui -^cTU'ijrn' , ti, expanded fov greater con- 
^.imm.rii,iui«r>.ricb..,r-,.i,,u;,,,r«- y^njence of mutmvl coiin*,c- 

bom-j, if, phblttiinea ^ f^ Libia; ift. triiuU , n, tion^ and to afford [I broad 
Urn.il b..!..^; -- m^iiiLarpal; y., pJ.»l>nK..i aurfacc for muacular attach- 

4i pjiteLLn i T, lemur ; a, lULUiiuik-ui'De ; r, 

huinoruA; u, rUvifiQ. raont. All long bonea are 
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mow or less curve*!, which confers upon them a certain amount 
of eliteticitvi luul ^ivuK tliom iL more g;ra:;ufal uuUinet 
Long boAefl of npper extremity ; — 

Clavide (collar U-ne) 2 

HmuGruH ([irm) 3 

^'';*--\l{fomm) 4 

Metu.i^ifcr|ni3 (p^lm of the hand) 10 

PJlilUTlgfS (tlttJ^TS) 28 

46 

The clavicle forms the anterior piirtitJii of the sliouhW. Ii 
artienlates hy lln hiiitrr exireniity with the sternuui, and by its 

outer exlieiii- 
ity with ihu 
iieruniiim pru- 

ecupnln. Jti 
tlie female, llie clavicle is genemlly le&s curved, 
smoother, and more slender thnn in the mitlc. In 
th&se peraons ivho perform cont^Ulerable nmiiiial 
labour^ whieh bi-inp^ intn conttant avtiun the 
mUficlefi connected with this bon^^ it acquires 
connidembla bnlk. 

Ihv humenifl i»i the longest and largest )x>ne 
nf tho npper limb. The upper extivinity of the 
bone ron?4ist» of \i roiiiidL-d bead joined to the 
shufl by a eonsuii-tcd in-ck, and of two eniinencen ^'"- ^^^ ^'^'"" 
ciuled the greater and leaser tuberositieSi The rvlHll(Mlwa(l:B^ 
beud articulates witl» the glenoid cavity of the ^^:'''7 1^"^,'^; 
flcapuU. The con^ttricted neck above the tuber- ivni»iiy.A.i:nK>\e 
oaitiee is ddiod the anatomical i^eck, and that l,;;;!^'^;;;;!;';' ''' 
btdi'sv the tulwriwiiiKH, the nurgiiial nock, from 
ilH L>eiiig often the scat of fi-aoture. The lower extremity' of the 

■ An iimjnc-nMG and pnij«ot]oDB of bon^s an? U-nr^'-l pmfv<«p», ami thvtte 
prwcjoea wete naiiicfl by thr ^arly atiftttmiifliP, citliop from thptr *Uijji? or una, 
v[ fnjiD Llictr laniiLed reacDiMAncp tu vnni'i wL'll-kLniWJi r'bJccL It ]» ^'tII to kvik 
up tlw uieanln^ ii( llifiHt- Onn^k nr Liiiiii w4>riH Vp'liich are Mned to i>]i[iil fully In 
BftDinifktL itbTii of tlic hliQli-iDii ; ilic whnln dub)i.-ei will Iwi.'-iJiif^ more interest- 
ing, moTfr readilj auiJc:t&Ux]dr uid iuun» euily tuniciubeTVil 
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bone is flattened from Iwfore baokwarda into a broad articular 
surface, which ia divided by a slight ridge into two parts, by 
means of whigh it atliculatee with the ulna 
" siitd viidiiis. 

The ulna (elbow bone) is placed at the 

jmier siJe of the fortarni, pauiUel with the 

nuiiiis. Tla upper extiisitiity presents for 

ex7iniiiiiLlic)n two large curved pviM^enses and 

two concave cJLvil,i*?w ; the lm'j;;er process 

fonus the head of the elbow, ixmi la called 

the iileL^miiou |)rocea3. The lovver extremity 

of the iihia ia of small size, and ia excluded 

from the wmt by "■ piece oE dbro-cartiUge. 

The radios b situated on the outer aide 

of the forearm. Tho upper end is small 

nnd rnuaded with a shallow depresaion on 

Fiu, ifl.— Thb TtwA its upper surface for articulation with the 

jUroRAciua. 1. radlna; imTOtfrus, aiid a pnimintiiit ridffe aboul it, 

prtweflftH on th* nnierior like the hend of a ninl, by means of winch 

«uffa^^ar^hirhare«.^« |j rotates within the lesser siirmoid cavity 

the mrtffl [*ra) jmi"! Mw o J 

FtmHii {Is) ■>iiviM''A. ri>f uf the uhia. The 

tl..m^|,ilDn„fThelnw.r p.^^.^. e,„L of tilery 

Qf thf? hi-nU of ihv riidiim, rllits IS large, ami 

of the wriaL. 

Each mctEtcarpoA is formed by five 
bones. These metacarpal hones are 
curved InngituHinaily, ao aa to be con- 
vex bchmd. concave in front; the}" ar- 
ticulate by tbeir bases with the bones of 
tbe wrist and wiifi one another, and the 
heads of the bones articulate with the 
phalanges- 

Tlie pTialangGH, nr tlimts^nre the bones J^°- i^'-BioBa nf t»k 

_ , , 1 ' J* WitiST WD Ha>t. rr.* if tn\ 

of tlie tmgL'fS ; t,llt?y IIIV lolirtteu Ul ni.to.-jiprhl hnnep; p>, ;>>,j>", 

number fin each hand), three for each p'"*!"''^'". '■^- ^"^'^ ''f '** 

U' ri Hi . 
finger, and two fur the Llnimb. The 

first row articulates with the metacarpal bones and the second 

row of phalanges ; tho second row, with the fiist and third ; and 

the third* v/ith the second row- 
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Long boncA of the lower extremitr': — 

Fcumr (thiyh bone) 2 

™^--' I (leg) 4 

Fibula, 2 I ^^' 

MeUUraua (s<vlt! and iuatep of foot) 10 

I'liaLuD^s (toes) 28 

TLe bonea of the lower astremity corre^pDiid U> thude u£ the 
upper extretnlty, and ]mai- a rough resetu biuret? to them. 

Tlie femur la tlie longeal, largeat, nud strongest bmie in the 
skeleton. In thn erect position It i» not vi-rtical, bt^iiig sepa- 
iiit^d from its fellow nbcive by a considerublo in- 
terval, whicii Torres [I oiiiljd U* this untire br^iadth 
of the pelvis, but inclining ^'nidually Uuwii- 
wiir(U and inward^^ so as to appn»iich its fellow 
towards its lower part, for thu purpose of bring- 
ing till* knee-joint near t]ie line of gravity cf 
the body. The degree of inelinatiou varies in 
differi*nt pi^rsonM, Jtnd is greater in tlie female 
thitn ibe niitle, uli at^couut ot the greater breadtli 
of the j>fclvia> The nppyr exLieiulty nf the 
femur, like that of Uje huuKTua, tonsists of a 
rounded bead joined hi Uie shaft by a couatricted 
iiuck. and of two fcniiUBiioes, culled the ;jreater 
and \eGacT trocbantera. The hend articulates 
with the cavity in the os innotninatum, called 
the acelribulum. The lower eMreniity of the 
f«tDur is larger tbHii th** upper, is flattened hem 
before buckwarcUi, and divuled iuto two hivi^e 
emint^nces or condyles by an InterveniJig noit^h- 
It articulates with the tibia and tlie patella, or 
Icnee-j-iirj. Fm, 20- — Thk 

The tibia vs situated at the front and inner ^^^"l"' j*';'"^^ 
side of the leg, and forms what is popularly trix-iiiii\ifr';^fr,ii>u- 
Icnown as the sbin iKine, In the male, it^ ditec- ^^^y^^^^^*^^: "» 
lion I* vertical and iiatallel with the bone of the 
npjiosite ciide ; but in the female it has a slight obliijue direction 
outwardi^ to comp-^nsatfi for the oblique direction of the femur 
;iDWat<ia. Tiie upper eKtreciitj is ioi^ge, and «fXpauded into two 
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Inteial eminences witb crmcave surfacca wliitih receive the con- 
dylea of tho femur, Tht lower exliemitj is inuLli fiiiialler than 
tlio i;{>[jer; it U jirolniiged dowiiwai'ds ou ita 
inner Hide into n tiirr»tig proco^, tlio inteinui 
iiiulkoLub. It uiiicLliLWs with tho libuUi aud 
oni' of UiL' IwJies of tlw tiiiklu. 

The fibula is sttaiLtccl at the outer side of the 
leg. It in l\\ii miuUltit' of this two tioiLe^, and* in 
pmpnitioii to its length, the most slender of ail 
the l*>iig bones: it U i>hK'ed nearly ;>aralle] ;vitlj 
the tibia. Tha i\]i\ter tKtremily eoasisUi of an 
iiregulai- rtmiidtid head by 
ii]eH.ris of w}t[rh it urtif^u- 
lali-s with the [ibiii. The 
lower Bxtremily is |ii'o- 
Iniigc^il (l(»w]i wards iiiiii a 
pointed process, tlie external 
malleolus, vrhicb lies just 
Fin-sr— B'PNPB hencftlh the skin. It artic- 
orTKttffi-iTiTLp'i, iilatea with the tibJft nuHone 

i'tn ami ifn. Inipntl *"* tlio bones of the ankle. 

tmiiiuncK- fnr re- The meUtarsUB is forTn(?d 

itylea uf fi-inwri fl. by hve Ikhil^s. J liuse meU- 
liiwinMlhi.ia, i"i. tarsal bouea closely i^tiemhle 

iiiLernnl qmUoiiliiA; . " _ , 

em, eiicrnal m*l]p- 'he metaeaT"|)iil l»one>i nr tiie 
'*^'"- hand. Each bone articulates 

with the tni'sal Wies by one extremily, and 
by the other vvilb tlie fii-rtt row of jibjUjiiiges. 

Tile phalanges of tlie foot. Iiotli in nunilier 
ftntl generiU iirnin^euieuU resemhle those in 
the hanib there being two in the gi'eal toe 
and Ihrrr in i^aeh of the other t^refl- 

Short bonen ; — 




m^ TO rj>. m?ln(ur9uL 



Seal >h Old. 

Seuiilur^ar, 

Cuneiform, 

1*13 if or] II. 

TraiH.-ziiinL. 

TrappawiiL 

Oaiuagniun. 

Uneifoz'jii. 



■ the carpm 
or wrLaL 



Ob ralMis. 
A atmiw-luft. 
Cuboid. 
Scaphoid, 

I:it»'i-nal runeiform. 
Midile cuiieif<»rn]. 
External cuneifDriu. 



P^mes of 
Uit taraua 
ar ankle- 
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Tlie bones forming the wrista find anklea are amall pieces of 
lx)iie UTL'guUi'ly alutpeU, tind united together by ligameTita 
{vidn Figd, ly and li'^). Their texture is spongy thi-oughout, 
excepting at iheii' sui-face, where tlieie in a tliin ciurtt of com- 
psK^t iiuijabiMce: they are cioeely welded together, and yet, by 
tliu arrangement of iheir HgiLnieiiU, iillnw of o, certain amonnt 
of motion. There are eight carpal or wrist bonea and seven 
bursal or ankle bones. The car^jal Imnea ai-e arranged in two 
mw8, upper and lowt^r, tietwecii tlie boin^n nf the forearm nnd 
metaear^Mtl lont-r^. They ure imintd, from their shape, at^a|ihoid, 
semilunar, cuneiform, etc. The tarsal lK>nea are larger and 
more irregularly ijhii[>ed tbvn tbe carpal. The largest nnd 
strongest of these ia the heel \icnie (os oaleia), whiuh serves to 
transmit the weight of the boily to tbe gi-ound, and forma a 
strong li^ver for thf^ mnst^lex of the ualf of tbe leg. 




Flo- VL-— OcciriTAL Bonk* tunrr aiirtACD- 0, 9 uiil 10. 10, riciirvsalniifl fnr ttft^ 
llitD ihf UitK-a of Imiln ; ll^ foramixi mtiifiiuui. 

riat bone*. — Wtt lind the bony tiasiio expands into broiu] or 
elonpnUit tlat plates whei'e the principd rt*<|uirenient i« either 
«Kl«[ifiive protection or the provision of tbe broad surfaces for 
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miiHPulur ftttacbnient. Tlit* fl;iL l>nnes are compiisetl of twn thin 
liiyurs fjf itompu't tissiip, incliwing heLweeii Llieni £l variiible 
quanlitjr of caiiculluus tissue^ [[i the bijnes of the skull thl^ 
outer Idyer la thick iinil tough ; the inner one thinner, denser, 
and more brittle. The cancellated tJi^ne lying lietween the 
two layers, or "tflhles o£ the skull/' is called the diplo^'. 
Flat boDea of the bead : — 

Ucoipital 1 

Piinet^il 2 

Froutal 1 

4 

The occipitftl ty»ne is situated at the bftL-k nnd base of the 
akull. At birth the bone consists of four part?*, uhich do not 
unite intoaBingle-bojie until nlmut tlie si:tthyeflr. Tlio internal 
Burface is deeply concave, and presents mftny eniiiiemiHs and de- 
pressions for thtf 
i/rtr^* ^ i-eceplioQ of parts 

IMl of the brain. 

*-^^^^^^^^^^^^^^m-rrt^^^vr Tbere ifl a large 

hole — the fora- 

^^^^^^^^^^^^^^^^^^ ^„«, ^^^^ magnum — 

f^^H^^^^^^^^^^^^^HI' f \'wm5t. ill tbc moi'ti 

r- I f terior jiortion of 

' J ' the lione, for the 

/ / ' triin^^niififlioTi of 

/ ^ '^ the medulla ol> 

^K " i . ' I longata, the en- 

' v^ largfd portion of 

\^ ^r ^^^^ -Spinal I'ord. 
■T . \ The parietal 

\. \ -- a, boni^s (paries, a 

their union the 

Fin. 24 -— Pakjktal B-JSK. Inm-r *iiji lh i i, ijurlernl'lfr ^1(1^;^ ^y\^ rOof of 
preanlonj ^, Aitruw fut mnilBtaiiTitnif niHTiM. ', , ,, ,„, 

Llip Rkull. Tiie 
external amiace ib convex and emooth; the internal surface is 
concave, and presents emineneefi and deprcRsionR for Icid^ng 
the convolutions; of the brain and numerous fiiri'ows for the 
mmili<]ationfl of arttrios. 
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The frontal bone resembles a cockle shell in form. It not 
oi\\y fornirt t)ie forehead, but nlso enton^ into tbe formation of 
the roof of the orbits, and of the nasal cavity. The arch formed 



I Flo. ^•-— Fbotttal BoTdE. Outer mtrfiK-'c. I« frontal fmincncci 7, rnnf of orlrilnl 

I CA^ty- |{it orbilflL arch. 

bv part of the frontal bone over the eye ia shjirp and prominent 
and iiffnrds tfwt oi'gan con.sitlerable protection from injury. At 
birlli tlie hone ctnii^iHt:^ nf two piei^^s. whicl^ nfterwiiriLs betoiuti 
uruti?d, along the middle Vmc, by a. »uture which runs from the 
vert<i\ of the lionfr Ut tliK rnot iif the nose, Tiiia sulure n.suftlly 
beeomea oblitemted within a few yeans after bitlJi, but it occa- 
AJoimlly remains throughout life. 
Flat bonea of the fa«« ; — 

Naj^al 2 

Lacihry ina I 2 

Vomer 1 

5 



The two nasal l>onea are two smftll oblong 
b^mes, varying in si^e and form in different in- 
dividuula; they are | dace d Hide by 
aide at Iho middle and ujtper part 
of the face, forminc bv their junc- 
tion "the hridjre"' of the noao. 

Tht! lachrymal iLre Uie smallest 



FN, 3;-Xa- 

•iirfn-Hi. .<.inriif i"3d Jiinst [ni^ilii honfs of tht iate. 




F(a,-J7-"LAt-n- 



iml 



•]rt*r*4l iHinlfir. 



iK.rdr.f : B. i^i„.y ,^,,^ ^itmited at tho front (jart ^^"*^ B'^''"- 



Oatcp lurliue. 



of the inner wall of the orbit, and 
nMmblo somewliat in form, thinness, and size, a tingei'-naih 
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Thd vomer is a single bona 

placed ill lliu bat^k |j!Ut of tho 

"* DHj^al cavity, and fornis part of^ 

tilt! saptuni iif ilie rmsi;. It is 

tiiiri. And Mliapml uniiiewhal like 

i\ pjcjugli-ftlmru, but viirteff m 

diffeti^nt uidividuaK being ft^quently bent to one or the other* 

aidi-. 

Flat bones of tlio trunk : — 

Smtpula, sliLJuldei-blajle 3 

Oa LniiouiiaatuitK liannih-boiie 2 

75Cdruiiiii, bre:LBt-bone 1 

Kills 'U 

PatelU ^ 

5t 

The scapula, or 

slii>uldei'-l>bule. is a 



•.MiTf. 



I lilt 1 



>oiie, tri- 
ll 



jiiigiiUtr in f^liajje, 
placed between tlm 
lij-rit and tighLh ribs 
oil thu bu^fc pait of tlie 
ihonix* whi^TC it affiHTla 
cunsidemblu |^ji\>tection to 
the luHga. It ia ujiuvenly 
divided by a very prominent 
ridg^i tile dpiiie of the auapula* 
which ti>i'minii.teF4 in a large trian- 
gular prr>jt»i3ti<iii talliid, from tliu 
Greek, aL'i'omioii pmceas, or sninmit 
of the slumldei. RpIhw the acr<v 
niifin pnii'css, ami at. ihi.^ liead of the 
shimlder-bliidc. U a sliallciw soi*ket, 
ihe glenoid L-avity. wliidi reirt^ives 
the Iji^ciil of {\\e Imnu^rus. 

The fiteniiua. or brefu^t-bone, ia a 
fiat nnvro^v iKnits situakd in ihe 
Hit'dian hiif in iho fiont af the cliest, 
&ad oonsiutin^^ in the adult, ofthrre 




Smkv. 7, ^Ipniklil ciiv'iiy r ^, cud 
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pnrtimrs. Il liHs b^eii likened to an ancient sword. The upper 

jnects« re^jresentiiig tliti liaiiflle, 

!» termed the maiiubrium or 

h^idle; the niictdli; and largest v 

piece. "Nvhich i^pre^enta the chief 

pul of tilt bUilt;, if* teniied the 

gladiolus ; nnd tlie inferior ])iece, 

which itt likened to the point of 

theaword, is termed tlicetisiform 

ftpj>eiidix. i)n butli sides of tlic 

upj>ei' and middle pitces are 

ntitchf^i^ for the rece[)tioii of iho 

sti<riinl ends of the riU. The 

erisifr>rni jij»peiidi\ is t'aitilagi- 

niiuH ill sLruutui'e in early life, 

but i-1 nmre or Iftas iwsilied lit 

the upper part iu the ;tdull: it 

ha^ no riliK lUtJudied tn it. The 

sternum is abfiut alx il^tIikm long, 

being rftther loiigei" in the male 

Uinik in the feiiiide. 

The riba ura cltustic arches of b»ne. forming the chief purt 
of the thomuic walls (ride Fig. 47). Tliey nvc iisimlly twelve 
in tmmlicr on each side* They are all connected behind with 
the verrp|>iiv of llje i^jdtie, and the first ticvpn pairs are con- 
nected with thti styrnmu in front through the intervention of 
the coalnl ^mrtiUges : the8e firet seven pnii-s fti^e called from their 
attachnunt the verUdnrj-etenial, or true rilw, Tlu* rpnutiniiig 
five piiirs aro termed false rib*;; of thi*se, tbe iirnt ihive, being 
attached in front to the costal cartilages^ are nsnally enlled the 
TBrtebroHvisiJth while the two reinjiiiring, I>einj^ inmtlached in 
front, are termed vertebral, or fio!itIn|,' rjlm. The coiivexitj- of 
each curved rib is turned nntwardrt ho as to give roundue^ to 
the sides of the chest and inciejise the size of it* cavity; efteh 
Aloises ilownward;* fmrn its vertebml attaclnuent. so thnt ita 
vternid end is corimderably lower than JtA dorsal. The spac^^s 
left Iwtween the riln are called the intercostal sjiaGCE- 

llie o< innomiiiatam, or naiuelc^ bone, no called from bearing 
no reeeniblftnce to any known ohject^ ia a lar^ irregular-shaped 
Ixme, which, with ita fellow of the opposite aidtt, forms the aides 
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and front wall of i\\t> pelvic cavity. In young subjects it eon- 
sUts of tbree sepamte parts, and altbong)] in the ^Uult these 
hnve Iwcnrae unittd, IL is iisnal to describe tlje lx>ne us divisible 
into three portions, — the Ilium, tbe ist^liiuni, and tliepubea. The 




Fin. 31— Ofl tNyoHTTiATUM. OiilPr imrfac^t. /?. O. iTcat of niTtin. Jiiaf bpl<™ ft 
ix HPP-n chf h^iiivt aDLcrlur ApinoiiA |>nii'i?A.s^ J, tnlwm.slly cif jni-[|lairj; T. purr nf 
pUheH. lii-l^iM'ii '/ &nd 7Ma Bttii llii? Iliynild (OTiLiuc^n; }l. Ht'DJabEiliiin, lu>liiw J/ IH 

|>LiLjiB. (Kur lurtlict lUuaLt&lIvii, viUr: FJ|pi, U nui -Ml.) 

ilium, SO called fmm its supporting tlie flank, is tlie upper broad 
and expanded [xirtion winch furnis llie pniniiiieuce of the liip. 
The bchiuni is th« lower and htiniijjpst jKirtion of the bone, 
while the |iuE)et^ is thai [KirtioJi whirlj forms the front nf the 
pelvis, Whei'e these three portions of the bone meet and finally 
ankylo3e ia a deep socket, crtUed the acetabulum, into which the 
head of the fenun' (its. Oilier jKiints of special interest to note 
in the o^a Liinoiuiaata are (_l) the epiuous proceaiies formed by 
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the prnjeotirms of the ^^rsfit of ihe ilium in fiont* abtjve and 
below, the two upper orsnperior spiiioua proteaseo being in (jar- 
ticuhir wtrll known ami convenient Untimaika in+eil by 8urgeon« 
in milking iinatomieiU mtusurumentpri ; (2) the largest faramen 
in the ttkdeton, known t^s the dtx>r-ljke or tJiyroicI fommcu^ flit* 
nftted between the Udiium und pubes ; and (3) Llie ayiiiphyaid 
pubis, 01" pubic artieulitioiu which nUo bgivob for a convenient 
Iftudnmrk in making measiU'emeutJi. 

The patella, or knee-cap, U a small, flat., trian^uUr bonu, placed 
in front of the knee-joint. It is geuemlly regarded as analogoiw 
to the olecranon process of the ulna, which also Qcoa.s ion ally 
exUti» as H Beparate piece of bone. The knee-cap serves tn pro- 
tect the fi'ont of the knee-joint. 

Iixegulai boQM. — The iii'egular bones are thoHe which, on 
account of their peculiar shape, cannot be grouped under eitl^er 
of llio )>re-Lcdlnj:r headr^. 

ImgiUar boncB of the iiead : — 

Temporal 2 

SfilH-noid 1 

Ethmoid 1 

4 

The temparni bones ure nltuated at the sides and base of the 
sknll- Thej' are nsimpd ttmpiind from the Latin word, Um/nta^ 
timtf, 1^4 it i-s oji the templt: the 

lialr fi[T4i. l>ecimies gray and Unn, yt S"\, 

*ud tliufl Hhuwa the ravages of J^ ..^^^ ^''■ 

tiiDC!. The tein|jorftl hones are ^ » i^^ 
divided into three pints : the 

littifl, dense portion, called pe- j^J^i^'"' "*^ 

troue; « thin and exjiaiided T^l'%'^''^^^rtBB»^^^^ r 

acale-Uke portion, called sqiin- *^^^L^\, 

mous ; and a maKtoid j^ortion, ^? 
whieh is perforatt^dby nnmeioits 

holes and contains a number of p^,, a2.-Ti:«i'<M[\[. b.^ME. Ouwc 

Cell*. The int(*rnal ear, the **s- surfnii.'. \. ft-iuiiiui.iiB p-in^irn : 7. m- 

teiilinl part of thp organ of hear- p^-tr„„,. v^nu-D; s, cnatold |K.rtioi,i a, 
int;. is coiitjiiiied in it nerien of Kl^^n^M <9.vity tvc rccppiiifii uf oouilyl* 

envitieH. elmnni^lle-l out of the 

aubfitjitice of tlie i>etroua porlion- Between lh« squamous aiid 
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petrous portions is a 

socket for the recep- 

^ limi of the coDilyle of 

Uiti lower jiLw. 

TLi; sphenoid bone 
{sphen^ a wedge) is 
situated nt dm ante- 
rior part of tlie liase 
Fia. a^ — Si^HKMnn Bosfn. Aiiitrlnr Hurlta'a. 0, of tlie skull, artlUlllat- 

cranial hmies, which it hinds firmly itml solidly Loguilier. In 
form it NOiiiewhdiL resetubles a Imb with 
eslfcniJed wiiijru. 

Th;^ QthmDid i>one ih an exceedingly 
light, spongy b^*ne, placed between the 
two orbits and at the root of the nose, 
contributing to form a part of each of 
tlieee cavities* The portion of the 
bone situatiod at the back of the nose^ 
and elosing' tko skull eavity in front, 
is pierced by nunieroua hol*iK, through 
whiuh the nerves, conveying the eense 
of smell, pjuis, DoHt^etiding from this 
perforattiil plate, on either side of tlie 
nanal cavity, are two masses of very 
thiip, a|iotigy, bmiy li^'JUe, 

The irre^olar booea of thp face ; — 




Via. M- — Etu:^uii> Bonb* 
[onu, or pvrforBfBiI ptaU. 



M^lar 2 

Palate 3 

Inferior tuvbiuatod ^2 

Su[>>ri{»r maJtillary 2 

Inft:rioi iuaxLUaiy 1 



The malar or cheek bones form the ]jromiaence of the cheek, 
and jiarl of the outer wall and floor of thy orbit. 

The palate l)one?i form fl") the hack part of the roof of the 
mouth ; ('2) part of Llie floor ard outer vail of the nose ; Hnd 
(3) a very small {H>rtioiL of the floor of the urblt. 
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TIic; inferior tnrbinELtcd l>one^ are situated on the outer vnJJ 
of each aide of ihc noatiril, £ach consista of n layer of thin, 





Fjo. .VI. — M.ii^h JJusn- OulwrHorfiH'e- Pio. :Vi, — FvuiTu Uim*., Iddbf surlaco- 

flpoitgj- Ixme, curled iiptm itself like a scroll; heuut: itB uaJDe* 

Tlir superior maxill&ry \r one of the moat impurtant bonee 
of tiie Eatii:, ui u r*ui';;iv:!il jwint of 
Tievr. on account of iiie nutnlier of 
diaensea lo wliirh some of iu [>artB 
are liabJv. Willi iu iVllow of the 
oppi^h-tiic ttide, it foriu:* llic wholt- of 
tJio iip(>er jaw. \wh Ihinij >v*sitit6 
in fornung [iftii "*f tlin llonr of thtj 

orbit* tl»' lloor uiid iniLei- w*iU of the ui>te, and the grcater part 
of Uie itKif of the mouth. That part of the bontj which con- 




Fin. 37, — lKFRRj«in TuftnivATRD 
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bOHI 




fad^ri.- Jnial 



irvUUlT <An«f| 
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toins tho teeth is called tho alveolar prooosa, and ia excavatod 
into cavltioa, varying in du^'th and tiize aouordiiig to the aize of 
the t«eth they conUin. There are eight eavitieB in each hone: 
those for the eaninc* teeth are llie deep4*st; thoue for the molars 
are wideiit and Hulxlivided into ni^nor cavities ^ tlto;^ for the 
inciiwt's ai^ Kingte, hut deep tind iiarTow. 

The inferior maxillary, or lower jrtw, la the larg^t and 
strongesl Ujiie of the Uwt^, and servijs for 

the reception of the lower teeth. At birth, ,_ 

it ooiiaiabs of two lateml halves, winch joia /S f^^\ 

and form one bone during tho fii'at or aec- /■^'^*, vl-^B 
oad year, Ttio lower jaw undcrgoca ecv- (j/ ^^-^^ W 
eral changes \\\ shape duiiug life, owing \/ / 

maiiity to the lirst \f' ' / 

and second denti- mL^^\Z%^^fi^^\d '"*"*'"'"\ / g 

tion, Ui the loss of iBPT? '^ "^VSrxSx^/ \ \\ J 

leeth in the aped, ^^, ttT ^*^l^l4!^ ! \W ^ '/ 

and the suhsequent '™™-''^K(^J5^fec^*'*%y Yij V ^^ 
aU*of[*Uorj of that "'<tt n'H E Ti i ijJU^/I li^^lr^Jfc^^^^'^ 

part of the Ixine p-to. ao. -^ tNFEuic>ic Maxilu&bt Bonb. OuttiT fiiirfnc^. 
which eOEitained 

theniH ll articulateH, by itfi condyles, with the sockets in the 
teinjmral honea. 

The hyoid, oa Jij/aidcs, or tongue bonct is an isolated, U-ahapcd 
bone lying in front of the throat, jiiat 
above ^'Adam's apple"; it supports the 
ttmgue, and gives atlauhment tc some of 
its nunieroua muaeles- 

The irregular lH»ne» of the tmnk are 
comprised in the spine, which 'm formed 
of a series of bones cn,]letl vertebne. 
Tlie vertebne are thirty-thres in nuni- 

Fig. 4e, — HviJUi BiiMR- 

bei, and aceoi'dLiig to the [rOHitiun they 

occupy are named : — 

Cervical 7 

Itoraal 12 

Lunihur 6 

Sapral 5 

Uooeygeal 4 
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The vcrtebrro in the upper three portions of the spine are 
^rate thrtiiighout the whole of life; but tbcise found in tLe 

jitU and coccygeal i-egiona nte, in the adults Hnnly uiutod, so 
■A to form two bonea* live eiileniig into tlie upper bono or 
sacniin, and four iiito the termiunl bon9 of the spine, or coccyx. 

Each vertebiii eouaista of two essential partti, no. anterior 
soliil portion or bi)dy, nnd a posterior portion or aroh. The 
bodies of the lerlebi-a? 
»i-e jiiltd one upon 
aDoLlier, fo lining a 
Aolid. strong pilUr. 
for the Eupport of the 
cr&nium and tiunk, 
the arc:he4 forming a 
hollow ey Under be- 
hind for the pi'otec- 
tton of the spinal 
cord. EiLch arch has 
seven proeeaaes: four 
articular, two Inuis- 
verse^ and one spi- 
nous procf^M, The 
different vertebrn^ are 
connecied Logethwr by means of Lhe ftrticular proeesaea, and by 
dijikii of intervertebral fibro-u art! Inge phiced between the veiv 
tebml bodie*i, whih: the transverse and r^pinoua proneaaes serve 
for the flttjitlmient of mnsel&s whirh iniive the different parta of 
the spine. In the cervical region of the vertebral column the 
bodies of the vertebite ai'e smn-ller tlian in the doraah hut the 
arches are largor; the splnouti pioceAset^ are short, txnd arc oilcan 
ckft in two, or bifid. The liral and second cervical vci-tebriB 
diflFer considerably from the reiit. Ttie (irsst, or atlas, so named 
from supporting the head, haa pmelically no body, and may be 
described as a bony ring divided into two sections by a tmns- 
verse ligament. The di^rsal seetion of this ring eontains the 
Hpinal coni^ iimt tlic ventral or from seeti<m eontairks the lK>ny 
projection which arisen from the front of the se^-.ond cervical ver* 
tebnu or a\iH. Tliis Imny proJL^cilon, or odontoid proceM, is 
I'eally tlie iKrdy of the ntlaa, whit:h In early life separated frum lis 
own vertebra and grows on the axis. Aiound this peg the atlaa 



Fio, 41, — A Cttuvh'*!. VitKTRtiiiA- lnftfMi»r pur^ 
loco, ], sphi'>U-4 prm-aflB, AH|;lit[y hlflif; -I, triiii4t'i.TtHi 
pTix.'i*w; fi, hrci<:uW iiroL-i'ds, iiiTeHor siirfnufl, Qelow 
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rotates when iLe Lead is 




■AL COIiUtfW, WITHUUT Rai'^I M 

AMU Coccm. I rn 7. Cervicul 
YerEehnp; « fn I'J. dornnl verifr 
brs; SO w 31, himtinr vertnlinc; 

trnnnviTHo pivuM^g^ea ; A', EnicT' 
TBrlebral Ap«r1un>; I, atlaji; 2, 

axis. 



turneil from side to siJe. canyiiig the 
hkuU. Lu which it la tirinl^ diticulatud, 
witli it. The bodies of the dorsal \er- 
tiibi^ae are larger and stronger thau 
those of the cervical; they contain 
depiesisioriH for the reception of tlie 
vertebral ends of the riba. The bodies 
of the lumW' verlebne ava the largtiat 
and heAvitfStm the whole spine- The 
fiflcrum, foi-mt'd by the union of the 
five sacral vertehne, is a large trinii- 
gidnr bona HitUAtjjd like a wedge 
between the iihsr. innoTninitr-n; it 18 
curved n^ion itself in snch a way <t8 
to give incrHrttied capaeiby to Xliv jieU 
vie cavity (^t'iJe Fig. 40). Tht iioci-yi 
{ciii^koo'rt bill) is nsuftUy formed of 
four small segments of bone, and is 
the moyt rudimentary part of the 
vertebral roliinirj. 

The vertebral oolnran as a whole. — - 
The npinrtl eolumu in a man of avor- 
age beipht in Unbout twenty-eight 
int:hes long- Victwed from the sid<* 
it pT-eaenta Four curvatures ; one, with 
the cnnvejcity forwajils in tin* cervi- 
cal region, is followed in Iho dorsal, 
by A curve with ha ci>nuavily toward?* 
the ^hc4t. Iji lliB lumbar reglnn the 
curve baa again its convexity fnr* 
warda, while in the sacral u,nd coccy* 
gcal I'fgiona the coTicavity is turned 
inwnjd.y. TJiose ourvaturea confer a 
consideralile amount of springiness 
ufMMi tbo hpiiiFtl column which would 
be lacking- were it a .straight cnlumn : 
the eJasticity is further increased by 
the disks of fibri>cartil!ifi;e lying Its- 
tween and connecting the bodies of 
the vertebiTB- Tliese diaks or pads 
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alao mitigabe the effet^ttt of C0Dcu>bion arUing from fnlh or 
blows, and allow of a netia'iii umount of motion betwiieii 
llie verteWiC. Tbe amount of motion pui'mitted in greatest 
in the cervical region. Between each pair of vt^rtebrw are 
apertures tbrough wliich the epioftl nerves p&aa fitjm the spinal 
cord. 

The Bknll a« a whole. — The akull, formed by the union of the 
cruuiaL ami facial IfoncB alreiidy described, b divbiblu into era- 
cium or train case, and the anterior region oi^ face. 




Ftq- 43.'-'l'iiA Sal-m.. a. niumi hnnfl; A, nafwrfitr tnHTillnry- c.t>inlav TdiiRlIltry; 
il. nTlpllAl ; ff leuipurjil ; /. piirl--tnl ; j/^ Emntftl boM, 



T\w bones of the crnuium begin to devckip at a very early 
period of ffi-tal life, owing to tlic importance of the organ they 
hftve ta protect Before birlh the bonea iLt the ti>p and aidoa of 
U»e skull are sepirated fiYuii encb other by mcmlniioouf* tinsut* 
in wliirh bone ia not yet formed. The spnt'es oceupi*^] hy ihia 
mcinbranous tiHsue are termed the fontiinoUes, eo mmitd from 
tlie pulflationa of the brainj which can be saen in some of them, 



42 



ANATOMY yOR NURSES. 



[CuAr- 1\\ 



rising like tlie water in ft fountain. Thei^ are six of these 
fontaneilea, The anterior fonUiu'llo is the largCBt, and is a 
Icflseugc-ttliaped apace between the angles of the two parietal 

and two frojil^l bones. The posterior 
fontitni^Lle is much ^mMler In size, and 
in li IriiiiLgular sp^iee between the occijv 
itjil and two ]j!in<?tal hones. The oth»*r 
four foiitanL'lles, two on eauh side of 
ttie skull., n,re placed at the inferior 
angles [»f the pnrieLal hones: they are 
uninipoitiLiit, Tlte posterior furitaiielle 
ifl closed by au extension of the oaaify- 
ins pixx^esa a few months after birth, 

Fiu, «, — Thr Skill at ^f* . ■ - .1 .1 

HiRTH ,Su|wn..r Hiirr*^*. I. ^ he anterior remains open until the 
prp.-i^*rii>r frmianfliie; li, Bikgiu geOT^d vear, and oocasionally persifita 

irl aniure: 4, univmr fun- ~ / ^ 

taavilv-. A. A. bl-[iarlilul tlll"OUgnoUt life. 1 110 l>JtHO of the skuU 

iliametur; IS. B. bUempi.rul i^ niiHib tliicker und ttUon^^r than thu 

walls and roof; it presents n number 
of openings for the j>Li9J4ag€ of the cranial nerves, blood-ves- 
sels, etc. 




The diameterg of the fi:etal ekull given by King are: — 



Oecipito-mental (from posterior fontaiwUe to ohinl . 
OecipiUJ-fronliil (c<?ntre of fruiita,! lirjiie to uem^mt) 
Bl-parietal (from one parietal piomiusiitre to another] 



5\ inchea. 
4 J indies, 
3^ iiiiihB& 



The fa?tal cranial bones being iniperft^ctly oaMfied, and their 
edges sei^a rated by membi-aEioua inl4?rvals, ihi-y are readily 
mouldeil, and they overlap one another more or less during 
partui'itiou. 

The pelvic cavity. — TLe pelvis, so ealltd from ita resemblance 
to a biwin, is ritifin^r and moru niasaively couatructed than 
eitber the cranial or the Ihoraeic cavity. It la compo.sod of 
four bones, tha o>wa inuomiuatiL fi>r!iiing sides and fi'ont, aud 
the a:icrnm and roL^yx, eompltsting it behind. It is divided 
by u brim or proiuhient line, the Hnea ilio-pee tinea, into the 
fidse iiTid trne pelvis. Tbe false pelvis is all that eicpanded 
portion of tlie jfelvit* situated above the brimt It fiinns an in- 
toniplfle or *^false"* luisin, Tbe lino pelvis Is all thiit jiortiou 
aituatc^d below the brini. Its uavity ]& a Little wider iu every 
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direction than llie hrim itself, while tJie fcilsc pelvis ia a great 
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deal wider. The brim is, Lljerefore, a somewhat iiarrower bony 
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ring or itperture between the^e twrt; henoe it is rifteTi termed 
the "atratt.*' The bony ^jelvis ie a bisiii widiout a boLtura- 




J.MCS^^mD. 



Fia. *7.— Thorax. 1 ui K. rthn: i', i/. rnsul ciriiliijipfl: r. uiiii-^Teh-l nf stprhnm: 
b. mMiJie jmrliim at ^leruuiu; In, Drsl tltiTs^l Vf-rLeUni: \2a. twe]Ii:}i ptnTMnl vtrlt- 
biu: ill, Btvufitli ctrvU'Hl ^mdim. 1 inl. imp rlliH; H itt 11. IhIf^l- i']i>». 11, l:;, iloai- 
Inu ribs. 



The Opening where tbc bottf>m r»ii^ht to be is the iiiEerior atimit 
01' outlet. The fcmnlQ pelvijj difTura from that of the timle in 
thoae jKiitii^ulais whiiih rentier it better adiipled to parturition, 
notably in bein^ iiUogutlier wider in ever/ direction, which 
gives more M)om for the child to pans \ in Iwing nltogelher ahaK 
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lower, which lessenfi the distance through which the child ha8 
to be propelled; and Instly, in the bones heiiig thinner and 
smoother. 

The diameters of an average female pelvis given by King 
are; — 

Aatero-posterior diameter of brim or inlet . . , . 4 incthes. 

Transverse diameter of brim or inlet 4 iiielies. 

Oblique diameter of brim or inlet 4^ to 5 inches- 
Ante ro- posterior of outlet 4J^ to 5 inches. 

Transverse of outlet 4 inches. 

Oblique of outlet 4 inches. 

Tbo tliorado oavity* — The thorax or chest is an elongated, 
conical-shaped cage, formed by the stei'iium aikd costal cartilages 
in front, the twelve ribs on each side, and the bodies of the 
twelve dorsal vertebra behind. It contains and protects the 
principal organs of respiration and circulation* 



TABLE OF THE BONES. 



Head. 



Cmmum. 
OccipiuL 
I'arieUl- 
TemporaL 
Frontal- 

Sphenoid. 



Fact. 
Xnflal. 
Lacliryinll- 
Walar. 

Supirior maxillary. 
Inferior iniLxillary. 
Palate?. 

Inferior tmbinaled 
Vomer. 



Ob hyoidea. 



Vertebra 



7 cervical, 
12 flttv^iil 
5 lumltar- 
5 r^acrnl. or sacruni- 
4 coccjgeaL or coccyx. 



Ribs. 

SCemuni. 

Owft innominata- 



Trunk. 
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Clavi de- 
ll uiiienis. 
Ulna. 

MftAtarBUH' 

Scaphoid, 
S^uiilutior. 

Cttneifonii. 
Pi ML [or Ml. 
TrajM-zium. 

Ori mHpium. 
j Unciform. 
Pbolan^s or digits- 



Car|>us 



Feraur. 
Tibia. 
Fibula. 
Mbtatarsua- 

Oa calcirt. 
Antragalua. 
Culioid. 
Tarau9 l Scnpboid- 

I liitt^ninl cuncifonii- 
I Middle cmieifarni- 
I Kxtenml cuneiform. 
Pbalaixt^t^ or digil4. 



CHAPTER V. 



jorai^. 



A. 



lilCNTJtTBD SUTDKB 



van()ii3 bones of wlikh tlie sikeleton consists are con- 
nected ti^geiher at different jJiirLs of llieLr t^urfuces, aud ^m-li 

cdiiner^tioiis are callt^d joiuts or articui jit ions. 

In all iiislrtrn'tw somti softer subsUmce is pbiced betwet^n the 

bdiies, uiiiLiug ibem together, or clothing the opposed suifjicea; 

but the luatiner In wUivli tlie several pieces 

of the skeleton jirt thus i^otmecLed varies 

to a great degree. We distinguisTi t.ht'co 

varieties; ru* thoao whiob ai'c (1) immov- 

abttit (2 J sligbtly movable, (3) freely 

movabliv 
The immovable artical&tioiLa- — Tlt(? bones 

of the cntnioin mid [be iixvM boiiea (with 

the exception of the lower jaw J have 

their iidpceiit siii-riu^es upplled in cht^e 

coiitnt'U with only a thlu iHyer of fibrous tisfiiie or of cartilape 

plnced between their margins. In most of the cn\nii*l ijontc* 

lliis union occun* by means of toothed 
edgea which lit into one onothei' and 
form jagged lines of union known as 
ftUtui-e». Thi.' suture lietiveen the fion- 
tal and pariftivl bonee ih called the 
coronal suture-; btitween the panL-tjil 
FTo.4ii.-AMiJiPDMiTipt'- i»iid occipital, thc liiuibdoidul ; nnd Iw- 

tATTov rtp^.riitt rj iUirrwnf- twcan the two pflriutal b<inetf, along tilt- 

the fsnp-ittnl sulnre. 
The ilightly movable or mixed arUenlation. — In this form of 
attic LI Uti on the bony surfaces are usually joined togetber by 
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brood, flattened disks of tibro-eartiUge. as in tlie artieulationa 
between the bodies of the vnrtebnu. Tliese irilervertebml 
dislu being coiiipi^ertsible and extensile, the spine cao be moved 
to fL limitttd fi\l*^rjL in every diniL'tioii. Iji i\iti jwlvis llie artiL^u- 
IjiLIuh l>ehveeii \\i*^ two jinhii; buJie^ (hyiiipliy^i?^ |jnb!^\ and 
'between the sacium and ilia (siicio-diac articulation), are also 
slightly Tnovuble. Tlio pubic bones me unittd Ly a disk of 
tibio-cartilage and by li^nieiits. In the tiaiiro-iliac articulation 
the sacrum La united more closely to the ilia, the articuiai- sur- 
faue^i beiii^ noveit^d hv rartihige and held logatlier by lifranieiitM, 
The movable artiaulatioiis, — Tins divL^it^n included the acm- 
plBte jointfli, -^joints having a secreting meinbmne placed be- 
tween their opposing surfnees, which keeps them well lubricated 
and capable of free mrivement one upon the other. Kuch nrtienlar 
end of the bone is covered by cartilage, which provides surfaces^ 
j^ of renmrkiible »minithness, and 

thta« hUrfai^cs alii luhriuatpd by 
the ayiiovUl fluid secreted from 
the delicate synovial membrane 
which lines the cavity of the 
joint- Tliis membrane is contin- 
uous with the marg^Lii of the ar- 
ticular diitilugc, and along wUh 
tbem eompleleiy encloses the 
joint; cavity. The bones are 
united by librous eornectiva 
tissue in the various forms of 
ligainenlH, sni:li as meinltriLnoua 
capsules, flat hands, or rounded ei>rdfl. These ligaincntft are not 
always so tight as to maintain the bones in close contact in all 
positions of the jointi but are rather tightened in some positions 
and relaxed in othorH, so thnt in nianj- cases they tire U^ be looked 
upon chierty ai( coottolltira of nioveraeiiLs, and not a^ serving 
solely to huld the l>onea together. Tho bonca are likewise held 
together in thuse joints hy almosphone pressure and by the 
aurrounchng mus<^les. 

The varieties of jointe in thia claae have been determined 
by the kind of motion permitted in each. They are as 
follows : — 

(1) Qlidiriff joinL The articular giirfacea ai-e nearly flat. 
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and admit of only a limitefl amount of glidLng movement, 
ns ill most of Uit; Hi'tictikliuim of tlie wrisi huiI (iitkle, Eiiid hi the 
joints between tlie iirti^iiljtr pixruessen of the vertebne. 

(^) JLnqe JoinK Tlie HitiiiulcU' ftUiFaces nre of such fthapo 
aa lo jK^miit of njovemcnl, to and fra, in one tiUim only, like & 
door on it4 hinges. These movements are called tlesion und * 
extension, and mny be h^jou in the itttiuulatioii of tlie nnii with 
the forejirm, in the anklu joiiiti nnd in the articuintions of the 
pbulangcs- 

(3> Bttfl and ttocloff jomf- In this form of joint ft more or 
less rouuded head ia i-eoeived into a ciip-like iiiavity^ as the head 
of the femur into the acelftbulum, and the head of the humerua 
into the glenoid cavity of the scupuhi. Movement can take 
pUoe freely in any diiei'tion, hut the nhnllower the cup, the 
greater the extent of motion, 

(4> Piftif. JvinU, In this form, one hone rotnLes aroiiiid 
Aiiuther \\hich remains T^laiionary. as in the ai'Lli-uhition of the 
atlas with the eixi^ and hi the articulation of iht; ulna and 
radioa. lu the artictdation of the ultia and mdius. the ulna 
remains stAtioiiaiy and tht nulius nitates freely around ita 
upper end. The hand i^ joined to the lower end of the mdius, 
atid the radiu-s, in rotating, oarrie^ the liand with it; thus, the 
^m of the hand ia alternately turned upwards Jind down- 
wards. Wiien the palm is turned upwards, the attitude is 
tfrtlled supination; when dowmvarda, pmnation. 

TIte diPfurunt kinds of movement of wJiidi hones thus eon* 
milled arc oiiimhle lire, — flexion and extensitJn; aliduotion JUid 
ndduiTtion ; rotation and circumdnition, 

A limb ifl Scxud, when it is bent; extended, when It U 
straightened out It la ^iwluctcd- when it is ihiiwn away from 
thti middle line; adduct^d, when it is brought to the middle 
line- It lA [-^^tatod, when it is made to turn on its own axis; 
cireun»dutai5(l, whyn it is made to describe a oonical surface, by 
rotation around- an imaginary axisn No part of the body is 
vtipable of [Hirfecl lolation, as n wheeh fot the sii^iph^ reaaon that 
milch motion would necessarily tear asutidcr all the vessels, 

^ves, museles, ete.. which unite it with other parts. 

Afl the «y^*>^'^l niemhmnes are intimately connected with 
the joints, it may be well to give a brief description of 
them liere. 
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The synovial membranes are composed entirely of connective 
ti?^ue, with the usual cells and fibres of that tissue. They are 
dif^tijiguislied by the nature of their secretion, which is a viscid, 
glairy fluid, resembling the white of an egg and named synovia- 
From its nature, it is well adapted for diminishing fiietion, and 
thereby facilitating motion. 

These membranes are found surrounding and lubricating the 
cavities of the movable joints in which tlie opposed surfaces 
glide on eaoli other ; in these situations they are called articular 
Bynovial mvmhrants. They aie found forming sheaths for the 
tendons of some of the joints, and thus facilitating their motion 
as they glide in the fibrous sheaths which bind tliem down 
against the bones; they are here called vayinal nynotial mem- 
branetty or synovi^d sheaths. Liistly, they are found iti the form 
of simple sacs, inter|)Osed, so as to prevent friction, between two 
surfaces which move upon each other, and in these situations 
they take the name of bursal synovial membranes, or synovial 
bursse. Tiiese bui-s£e may be either deep seated or subcu- 
taneous. The former are, for the most psirt, placed between a 
muscle and a l)one, or between a tendon and a bone- The sub- 
cutaneous bai'sie lie immedijttely under the skin, and occur in 
various parts of the body, interposed between the skin and 
some firm prominence beneath it. The large bursa situated 
over the ]jatella is a well-known example of this class, but 
similni'. though smaller, bursa; are found also over the olecranon, 
the malleoli, the knuckles, and other prominent parts. 



SrTfAnTiiRnsis, 

OR 

Immovable Jojnt. 



AHFBIARTtJBOSISf 

OR 

SuGHTLY Movable 

Joint- 



table OF JOINTS. 

1. St/nchonitrosui. — A thin layer of cartilage is intar^ 
posed Itetwven the boaea to which it adherer 
c3o!^e]y on each »\^g. 

'2. Suture. — A thin layer of fibrous tissue ia inter- 
portbd Ixttween th« bonea. Suture may be den- 
tnted, tootli-like; serrated, saw-like; squamous, 
scale-tike; harmonic, smooth; and grooved, for 
the recepliou of thin plates of boue- 

1. pSyffjpftj/'"' — The bones are united by a plate or 
disk of Abro-cartilage of considerable thickness; 
or bv articular cartilages lined by a iiartiaL syno- 
vial membrane, 

£. Sffn'tenmaxix. — The bony surfaces are united by 
an interosseous ligament, aa in the lower tibio 
fibular articulation. 
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DlABTHHOSlS, 

OR 

Movable Joiht- 



L Arihrodia. — Gliding Joint; articulates by plane 

surfaces which gUde upon each other- 
s' Gitiglt/taue. — Hingb joint, ^ moves backwardfl and 
forwards ia one plane^ 

3' Enarfhrow. — Ball and socket joint; articulates 
by a globular iiead in a cup-like cavity, 

4- DiarthrosU rotataria^ — Articulates by a pivot 
process turning within a ring^ or by a nag turu- 
ipg round a pivoU 



CHAPTER VL 

MUSCULAR TISSUE; STUUTED Oli HTUIPED ^ N0N-5TItUTEl> OR 
I'LAIN; ArrACIlMENT UF MUSCLKS TO SKELETON, l*HOM[- 
NKNT MUSCLES OF HEAD AJ-'D TKUKKi PKUMDJENT MUtiCLKS 
OF LIMBS. 



Muscular tiHsiic is tlie tissue by meajis of wliich the active 
movementa of the lioiJy are pruilm^tnl. It is u higher kind of 
tir^iie than llie uouiitsctiTe, whit^h, as we hsbve et^tn^ i^ u»ed 
diit^fty for meubaniual piLi'jjosea. Muscular ti^ue ia irritable, 
and if we iriitiito or hlJmulate it. it will respond. We may iiri' 

tftte or stimulate the bones, ligftnients, 
or oilier connective tissue structiues 
and lliey will not roci[ioiul, tbi^y will 
retntiiti immnvable ; if, howt^vur, we 
eliinuUte mut^culjiir ti^sut;, it will show 
ilH responsH to the stimaLvtion by 
contracting. This power of the 
niiisule tn cfintiiiin 13 called musoular 
coiitnictility. AH musGulnr tissue 
consists of fibres, and whenever a 
niiir*ule filre txintmet-s, it lend^ to 
bring ils two ends, with nh/tUvenitatf 
he attached to (hem, together. Influ- 
ences whith irribite or stimuhile 
musclo iihi^a aro apokcu of under 
thi; r^eneral name of ^tiimuli. 

Mu>!Ldc fibrea aiv of two diffeivnt 
kiiiiis, and wc ihorefoit? dislin^niah 
two varieties of muscular tl'^j^ue, the striped or striated, and the 
plain or non-stvif;t-?d. The Kiriated muscle i^ nearly always 
uaJer the control of the will, itntl is ofien spoken of aa pohintari/ 
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miiscle; the non-striated is uauaily withdrAwn from the coDtixiI 
of the will, and is often termed involuntary musole- 

Toluatary't striated miuclo ii^ oomposciL of long slender tibrea 
meosviriug on an avenigo about ^J^ inch in dmmeter* but hav- 
ing a length of an ineh or more. Ench dbre coneietd of three dis- 
tinct elemenu : (1) contractile 9ubrit;iiice, forming the centre and 
making up most of Llie bulk of Cbe fibre ; (2j nut^leir which lie 
scattered upon the surface of the contractile sah^tance ; (3) the 
sarL^olemnia, a thin, r^ true t ureter tube, which lightly enitloaea 
the contractile 8ubsUhi;» and the tknelei. 

If we examine a freuh musde fibre miero»^co]ucaUy, we see 
that the contriictile Hubat;ini:e !a m!i.rked with very fine indistinct 
longiludinal lines, or striiti; and if we treat the fibre with 
certain chemical agents, 

we find by slightly tiina- -^ — " »>'^ 
ing it with a needle, or 
someotherdelicateinstru- 
meiiti thnt it breaks up 
along the longitudinal 
lines into a number of Tuio 
fibriU or iibrillro. Again, 
if we examine tho fibre 
Still further, we fin<l that 
in widition to the longi- „ >^^ aa. - l^«*oM.yTF ^r Bt^itw. F.*ii<.. 

tudinal striation it i^ tii»v4. iMnfrnifiiMi :vm lUAmMHi^.} .Mr>iigiti]- 
cif>saed by more distinct '^'"1 '^J-^^vap'- r. rtbriu.p -*i^ir*u-.i rr..m c..« 

narrow dark and light Birt].'1e hbrlU rmire highly mitiiniaulp In C Lhfl c]0- 

touiasoratripes, the rein- ^^^„^,.^^ cJoavB^-; -i, i>. j-urtiniiy .j^i«hH 

tive width of the Stripca dlaXn: ^''l^Unliml iiink, moro liiyhly mifc^ifled, 

varym^ accordjng as the ^ 

fibre is seen in a atate of contraction or relaxation. So that if 
now we soak a fibre in an acid solution for twenty-four hours, 
ami then tease it, we find that instead of Unmaking up Imtifiriaii- 
nnitt/ int<i libii)!^, it hveaka flrrov* into thin ribiks- VW thnu see 
that by breiikiiig up in these two dii-eclions we may conceive of 
tJic fibre IV4 Itpjng resolvable inlxi a iiinlliLude of tiiij strueturea, 
whiirb <^l*?mrn(!Lrv strncLiires hiive beeEi cnlh?d ^arcoiis elements* 
It lA believed by many nlpNervern that these sarcona elemente are 
definite and indtpendent structures, and that they are joined 
tog;ether side by aide» and end to end. by a peculiar cementing 
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BubAtancc ; lliis, however, is not provcil, ftiit! Uio uUitmite strutt- 
uro of niueciihir libre Is aiWi by no mcajis fully und'jrsttmil. Thia 
much, however* ia certain, tliat tho coi»tnu.'tile eiibatimce ia ft eom- 
plex theiiiieail struuturi?, nnd Ihat thti mnletjiilBS of wlncli it 
is eonifxiyeU readily uhu^n^ their pUrcrt under llie influein^e of 
oeitflin atimuli. When a. muscle contracts, eaiih sej?tion or 
sarroiim element nf the Hbre bioailtiiis itriil slioittins. This 
brna.dt?niiig w]*l shortening is brought alwut by lIio moleenli's 

of each eeetiou of the fibit; 
[shangin^ their places. We 
shall liave a ri^ugli inuige of the 
moiemcnta of the tnolcciilea 
during a musculftr coil traction 
if yvii imagine a company of 
a hundred soldiers ten ranks 
deep, with ten men in each 
rank, i^piilly, but by a seriea 
of gradations, extending lat- 
emlly into a double line 
with fifLy men in each 
line. 

The ^tnattiJ nmsdea are 
all connected with nerves, 
and under noinml conditions 
do not contract otherwise 
thnn by the agency of the 
nervcti. They are aluo plenti- 
fully supplied with blood- 
veesela. 

The museular fibres lid 
closely [jacked, ttieir ends 
lapping ovi^r nn to ailjacent 
Fio. r.'i. - W.vR njr l■o^Tn\.'Tlort fxKi- [\\,re.. and f.nmijiir bundles. 

IWG"VKB A Mr^rrL4K KllERK '>V l»VTIBc'L'Hr ,«, . ,| 

Vi-ry michly ran^iinHj^'l. >;,/:. [i.>rTifln> nf 1 Jlt^e bnllllles are groUiH-d 
n.H flUE-^jn i^\.- V. r.ininuL«.l jflri; f , /, ^,, ,^^^^ j^^^.^r bundles, 

and in thia way the muaclei* 
which are attached to the skeleton an3 formed. 

Involuntary, non striated muftcular tianie is composed of long, 
eomewluU rtatl^njeci, elongated lihre-collH, Kat^h tibi-u-coll eon- 
tains an oval or rod-shaped nucleus, contaiuing one or more 
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nuijleoli. The eabsUiice of iLe fibi-e-cell is longitudinally stri- 
ftUiil, but (Inea tiot e>chibit tmnsverae striation- The ftbix*-<!ella 
lie sitle by siile, or liip over one aiintber at tlie ends, and avq 
joiri!-fl Uigelbei- by si siniill iiuiouiit of cemejib *nbs*ance. 

TIiIh kiiiil of niii.sruUr tissm* is fr^iiiid arranyeil arfiund the 
bliiod'VesspLH »nil niitst i>F the bolluw \iw.'t:ift, Tlie llbies iira 
Vimoufily gr*ini»ed in different (ijuLh nf the body ; s(in]<?times 
crowded tn^'cilier in solid bundles, which 
are arranged in lityera and snrrounded by 
connective tisaiie, na in the intestines; 
8ometinie3 firrangcd in niirrow interhioing 
bundles, us in the bladder; eomotimi^B wound 
in single or double layers around the blood- 
vessels: and rt[Tnin, running in vaiious direc- 
tions and a£sot?iated with band^ of conneo* 
tive tissue, they form large compact laasees, 
H» in the litems. 

Nuruerous nerves are sniJjiUed to nnn- 
striated iniisenlar tiKsne, and many blood- 
vcaj^eU^ 

The contraction of this kind of muscular 
tissue is much slower rtnd lasts longer thfln 
the contraction of the atrifitcd variety. Aa 
a general rule the mnaclea of the t»heleton o/''pLLM'*'XVor*LA'1 
are thrown into contraction only by nervous Tiw^a. Hi^tiij mn^iit- 
impuUes i-eachin^ them alon^ their nerves; 
fponlaneouft conti-actiony, as in a case of "cramps," being rare 

id flbnormnh The pliiin tnuscular tissue of the internal 
organs, however, very often contracts independently of iha 
oentrnl nervoiw system, and vinder favnndilc circumstjinces will 
coi^tinue Ui do so after tlie viscem have been removed from the 
body. 

Tlifl ^reat incr*aso iit thi* iiiusculur linHiiP of the Titi*riifi (hiring i^estation 
IhIec* pliwe iioth by eloii^ntiou ami tluL'keiiina of Iha p re-ex ifttin|< Bbre-cellih» 
ftud also, it ilk thoLiglit, hy tlie derdik]mieiib of new filire-eelU fmm smaJI 
grwiulai celts lyiiif» hi t]*<* It^AU*?. In llio nhriiiking of tlio uterua aftar par- 
tuiitiuii Ihe Ikijre-cellH diimuiplj lv Uicir pt^vlniis »izf ; ii^nriy uf them become 
tiitiN) ttitli fat t^TiitiateB, and eT^titunlly mvty are, cloubtlejis, retDOVed by 

Developnrent of striated muicular liwue. — \V]^m^ The miiFimiUr fil.rps 

art nb<iut Ut Ihi Jorjiiedi the cclLi att upiirt fur Ihuj ^urpLWi viuujfutti, auJ iLtir 
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nuclei multiply, to that each e^LI li «onr«rtet3 into a long, mulLi-nucl^at&d 
proloplftsmlc fibre. At first the *iibstance of the fibre is not strint^J, but 
presently it beoomes [on gi In din nil v Btrialpd along one nidi^, aiiii nbnut Lhe 
aivniQ time a delicata niciubi^Kiii?, Lha ttareolairLinot may be iliticov^rerl boiiitcl- 
in^ tliG fibr«; then trauivfrtv ptrialrlnn GominenceB. and i^rHduull^' exletidsii 
around tbn lib™, nmi» finnlty, the miolei take up tlicir poaltion uuder the 
■larrnl'-riMiiu. 

Begeneraticn of moscnlar tiBBiie. — It \tu famipvlj ltL>^ughb that after 
removal, by the knife, or by dLKeiute. niu^ctiloi' ti»uua vsas not reg^nera-t^'d. 
bub that auybi'eacb oE continuity whioh iiii^ht occur in tho muscle yrae filled 
up by a grnwtlj of ci^niiecLlVi: tlsbUe. Il wculd ap]K'Hr, however, thiLt iJia 
broach 14 afler a certaiit Inpw of time bridged noro^a hv nin^uLar sitbHtanM, 
but how lilt iiti\T inUHL'Lilnt ti^'^uc is forniud la not fully undrr^&xxl, 

AttActimeJit at miucleft to the akeletoiL — The iiiiimcIi^m an; ne^vi- 
rate oJ^ua« eAch tausclc brtvittg i\A own tilit!SiLh nf cuiineative 
tissue. The connective tissue exteit*la also into the muscle* form- 
ing ahcfLliia for the amallcr bundles, cotiuecbiDg aiul biDditig the 
tibrcj^ and buniUea together, niid conducting ami uupporting the 
blotxl-vcwtit'ly imd nerves distributed to the miiHclo fibres. 

The niuaoleB vary f;re;ttly in shape and size. In the limba 
they are of coiia idem hie lenptli, forming more r»r less elongated 
strajw; in the trunk they ai'e broail, flattened, and expanded, 
forniin^T the walls of the c^avitiea which they enclose. 

They are attached to the hoiiea, cartilage?*, ligaments, and 
skin in various wavs^ the innst tiomnion mode of iittnuhment 
htjiJig' by nnjniis of tendnns. The ninsfular fibres (oiiverge us 
they apjiroHch their ttmlinous extremities, and g-nidmiliy hlend 
with tin' tibrea of the tendons, the tendons in their turo insertr 
ing their librea into the bones. Sonielimea tlie muscles end in 
exprniJcd form in the Hiu JtbroLis membnuies, c:iUed a|ioneun>acM, 
A^in, in some cases, the muaclea are connected with the boaes, 
eartilage.^ and skin, without the intervention of tendoivs or 
apoiiouroaee. 

Ill the description of muscles it is customary to speak of the 
attaehinents of tlieir op|>osli,e emln undijr the named of ongin 
and ijisertion, thi- first term being usually applied to the 
more f\red attachment, and the second to Lhe more Tuovable 
attnrhineTit. 

The mn^cular tissue or flesh forms 'a large proportion of the 
weight of the whole body. The following ha^ Iteen calculated 
for a man of one hundred and fift>' pounds' weight from the 
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fables of Liebig: akeletoti, twent}'-eighE pounds; ciusclea< aixty- 
two poaiids; viacera (with skin, lal, blood, etc.)* aixty pounds* 
The toUl number of voluntary miidclcrH iiniv he atjited nt 
tliree hundred mid elevun. It is not noouswiry for ue to be abie 
to distinguish more thitn h few of tlio most, pronnnontp We 
may conveniently classify tbeae into two groups: — 

1. Chief muaclc::} of tlte head aLjd trunk. 

2, Chief muaclea uf the linibi. 

Chief mascles of head, face, neck, and trunk. — The chief 
miiscip^ of the heiLcJ .iva llit occipital iirii] frontal aiiuioles« 

wIllcIl, united Logetht^r by a th!n 
a^jonetiro^^is extending over and 
coveri]ig the whole of the upper 
l^at't oi the cranium, Are usually 
known iLS one musote, the occipito- 
froQtJilia. Theft'onUi portion of this 
musi^le is the more powerful ; hy 
its contritution the eyebrows are ele- 

foivhend 
s^ii fniin tiiH fruat. LU. superior thrown luto transvet?^ wrinklei}, and 

r::r,^ "iz::;:^ "i:^ the ...i[. ,in,wn torw«r.L 

MS, sunpriur uftii-iiie; 'Jti. mferiur There are about thirty facial niua- 
" *^*^*^' clea; they are ehiBfly sniall^ and con- 

trol the inovemenbi of the eye. nose, and nioutli. 

Tlie six nnisclea ivhii'h nii»ve the eyeiwJl a.ie the four straight 
or Tecti^ and the two oblique. 
musries. The four recti hitve a 
common nrig'ni at the bottom * 

of the orbit; they ptiiivaatmight 
forwai'drt to their iuserlirm into 
the e^'ebitll, one, the superior 
rectus, in the middle line above ; 
one, the iiifeH(»r reetns, oppo- 
site it beloxi^, and one half-way 
on ea(ih side, the pxtc^rnal and 

internal reeti- The eyeluill i^ r«i.w:.-MoacLiiioF Kv-nall. Soen 
coniiilet-plv iniheddt^d in faL and '™'" '^^^^ ^^' pl"*-"^^»'f iniiscle ol eyeliJ; 
these mij,scle;s luin d a^ on a 
vushion, the superior rectus inclining the axis of the eye upwards, 
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the inferior flownwnnU, llie external outwards, the inltirii^il 
iiiwtvi'Uri. The two oblique nmaoles are Iwith attached on the 
outer side o£ tlie ball; their action is somewhat complioat^d, 
but tbeir general tpinlfncy is to loll the eyeball on lis own 
axis, Jirid i^jiiU ic a liule fnrwiird and inwanl. 

Tlie musrles v( niftstifatiotj nfe the maMeter, Lite temporal, imd 
tim exteniBl aitrl ioternal pterygoid. Tliev idl liiWti LheL' urlgiii 
ill Ibe iminovable hi^ucs ni the skull, iiiicl uv^ nil litaertt^d luto 
the movable lower jftw, Tbey generally act in concert, bring- 
ing the loiver teeth forcibly intf> ciiut-aet with Uie Uijper; they 
aUo move the lower jaw for^vard ujioti thi.* ujipi^r. and ia every 
direction neeeasury to the pi-oooss of ijrinding the food. 

The chief mufielKs connecting 
the tongue nnd tougue bone to 
the lower jaw are the ^nio- 
gloiiuft [iij(l ■tylogloMnB. They 
are interesting' Ui n-i from ihe 
faet tliiit dnn[ig geitei-:il anfej^^ 
thesiii they^ h^gi-ther wibh the 
other iuiiseles« liecome I'elaxed* 
and it is neiiessjviy to prew the 
angle of the lower jaw upwards 
and forwards in order to pre- 
vent the tongue from falling 
backwards and obstructing the 
larynx. 

Tht most prominent muscle 
of the neck is the itftrno-cleido- 
maitoid- It is named from its origin and iii«ertion, arising from 
piLi'L id the steniuui ^md rbhvit-le. aiicl being iust'Ttt^d into the 
mastoid portion of the temporal b^nie. This musf-le is easily 
rnrognized in thin j^i'siais hy itn foniiing n conldike promi- 
nejtce obliquely ^iLuiiltd tilnng t?ath side of the umik. It ^ervea 
as a conveULKiil UiiRlmark in hiejttin^ llm grent vesi^l^ carrying 
the blood to ivnd fiom tlie hearh If one of these muscles be 
either iLbiiuimaSIy oontrm;teil or paralysed, wc get the defm-mity 
called wry neck. 

The nnisolfs of the trunk miiv be arranged in three groups t 
(1) mu.Hcles of the back; (2j musclca of the thorax ^ (3 J muscles 
of the abdomen. 




Fi^i, .^7. — MDaci-Ef ^r th« Toffau& 
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Till? iHiiMc^es of tlie ]v.u'k niv flis|»c»se(l in five lay^rs^ one be- 
neath Kiinnhei". Tlie t\\** hirgcsi. ajij iiu^sl su£iei'lii?ial Jire the 
trapeduB anrl (lit* latiuimus dorii, 

TIji- trape£iua ;trisL-s I'luni tlie iiiidflle nf ttie occ-ipiUl lione. 
AIkI fLiiiii Uii- :^|tliie ii> fuL' ii^ Llm liLsL Jui^dl lerL^bjii. Fitiiu 

CUU ext^Jided Une of oiigin the dbiea cfJiiverge to their in- 
aui'tion in thir iivromloii procusa aii^l f^piiif nf the J*oiipuliii 
TIjl- latiAsimufl dorii ariftea fn^m tlie hv^t ni\ dui^nl vi.-rtc-bi'£, 
and through the medinm of the lumbar ft[»oneurofliB» from the 
Ititiiliar ami t^^Lrmt \mi\ of Ihe s|>iiie iiml fnjm (he eri^^t of the 
iiiiiTU. The tihiva \)Hsti U}»i.viii-(l» ;tiLi.l eonver^r^ iutn a tliick, Jiur- 
TQW band, wbiub wiJirU ai-ound iiiid fiimlly Itrmiimtes in ^i^ tint 
teiid'^11, whi^.di is iuserled into the front of the liutnerus jast 
below its head- 

The<ie niUKules cover nearlj the whole of the Inclc ; but an 
they act upon the bones of the upper extremity- ihey me often 
nnH'H itropaxly reekoned as bahHiginu to the nmsclea of ihat 
region. 

The miiaclea of the thorax ai'e chietly concerned with the 
Dirivenients of the liba duiing reapiration- They are llic iator- 
ooatals, subooatala, ebo* 

The chief Inlk of the anterior miuicuhvr wall of the chest is 
madt up of tlic pectoral niu4cl(i»« wJnch anuu m^iinly from the 
front of the sternum. 'H^e fibii*^ converging form i\ tliick mass, 
wJiich ia inserted by a tendon of considei-abltj breadth into the 
up]>er part of the humerus. Aa these muscles move the arm» 
they Rre» like the snj^erfif-ial niuselea cf the Iwink, iTsuiUly reck- 
oner! among the muscles of the upper extremity. Covering the 
Electoral miLseles is a wiiperfieial fjLscia (eumjiosed nf connective 
LirsHue) in whicli Lire lodged the niiimmaiy gknds atid a vmiable 
amotiut of fat. 

The muaculat walU of the abdoinen are mainly formed by 
three layers of mnsclea, the libret* of which run in different direc- 
tions, those of the anperlicial and middle layers being oblique, 
and those of the inncrmoHt layer beiiig ti^anevorsc. In front, 
these three laytre of muscles are replaced by tentlinoue expar- 
gion« or aponeuroj^es, which meet in the middle line^ the line of 
union (^ivinfT rise to a white coift-like line, the linea nlbju On 
each side of this line the fibres of a stniight muscle, the rectus 
muscle, extend in a vertical direction between the tendinous 
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layers. The abdominal muscles Arc covered and lined by shdeta 
of faacifc, some of which are very dense and strong, and serve 
to strcnpfUiQii woak points in the muscuUr walls. 

The strongest and most flUi»ei"lioial of the abdomiiml muscles 
is the external obliqtte, the fibres of which, arising fi-oni the lower 
eight rihs, incline downwai-ds and foi-wards and terminate in the 
hroad aponeurosis, which, meeting its fellow of the opposite side 
in the liuf^. allnt, covers the whole of the front of the aMomen. 
The lowest tihres of the aponeumsis ar« gathered together in 
the :i}iaipe of a thickutied baiuK wt]i{;h extends fiom the superior 
spinous pioeeas ttl iho Jliuui to the pubib, jiud forms the well- 
known and iioportjuit tundmarki called from the auiitotnist who 
lirat described it, Pouimrt's lig^amenti Just abovti this li^mcnt, 
and near the pubic bene, is an oblii^nc opening- whiuii ti'u;i^mLtf» 
the spermatic cord in the male, or the round Ltgameut in the 
female- This openinj;, called the external abdominal ring, Ls 
oft^n the seat of hernia. 

The Inteimal oblique muscle lies just beneath the external 
oblique. If^^ libi'es ran upwards and forwfti"ds, and end for the 
most [rnrt in a biosid aponeurosis. At the onwr iKirrler of the 
1-ectLis masele Ibis aj>oneum^is divides into two layers, one \mss- 
iug before, the other behind, that miisule: ihey reunite at iIa 
luiier border Jii the LincJi alba, and thuH form -i fiht;ath for the 
I'ectits, 

The tranftTerftalu muscle lies henentb the intern;il oblique; 
the grcatijr ^jnrt of ila librea have a horizontal direction, and 
extend forward to a hroad aponeurosis in fiTint. 

The rectus is a lonj^', flat muscle, oonfiistiug of vertical fibres 
situated at the fore part of the abdomen, and enclosed in 
the fibroaa sheath formed by the aponeuroses of the internal 
oblique. It arises from the pubis, Hud is inserted into the car- 
lilages of the tifth, sixth, and seventh ribs; it is sepiirated from 
the muscle of the other side b^a narrow interval which i:t occu- 
pied by the Hiiea nllia. 

The linea alba, or white line, is a teuduions baiid Formed by 
the union of the aponeuroses of the two oblique and tianaverao 
muscles, the tendinovis tibrer* crossing one another from side to 
side, It extends pci-pcndieiilarly, in the middle line* from the 
ensiform portion of the filernum to tiio pubis. It is a little 
broader above than below, and a little below the middle it is 
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the centre of which 



leneii iiiT.c> n. iihl circular space 
uateil tlie cii^atni of tlie umliillcus- 

The fihdcTDiiial muadijs iitiform a threefold action* When 
the pelvis and thorax ai-e tiied, Uiey corapi-ess the iibdominal 
Tiscera by cons trie tin*; thi> ciivity of the iibdomen, in which 
action they are much a.saisted by the descent of the dbplinigni. 
By these meium tlic ftt'Iu^ ts cxpened from the uteru-s, the 
fajceti from the reL'tuni, ihp urine from the blEuldor, anri its coiv 
t«ut!i fi'Oiii thy i;lomach, h\ vomitinj;- If the H[)iiie is fixed, 
thc'se miiscle?! raise the diaphraj^m by pressinp on thy ididominaL 
visoyni, dr:ivv flown the Hbs, compress the lower pitit nf the 
Uior;ix, »iiil assist in expiration. If the tluinix in fixed, and 
t\m trunk and arms nitheil and fixed, they draw tlie pelvis 
upwards iw fi pre[]aratory step to the elevation of the lower 
liiikbs Lit the miction of climbiitg. 

The diaphragm la a thin musculo-fibLoii^ partition, placed 
obliquely between the abdominal and tlioracic cavities- It ia 
fan-ehapcd, and i^orsista of muscle tibrci* ari&in^,' from the whole 
of the internal ciivumference of the thorax, and of an uponcii' 
rotJc tendon, alinpcd somewhat like a trefoil leaf» iuto which 
the muscle fdjrca are iiiacrtad. ( I"r^' Plate V. frtr Jllustraticu 
of diaphragm.) It has three hirge opcningg for the patLsa^Q 
of the aorta, the large artery of the botly, the inferior vena 
c-iva, the lar(*eat vein of the body, and the cjaophagus or gullet ; 
11 \iit-i ftWk some Bmaller openings, of less iniportiiuce, for the 
jiassiijfe of bhiod-veaaela. nerves, etc. The u]>per oi- thoracic 
Kiirfai'e of the diaphragm is highly arfhed; ibe hrart is siip- 
[Hirted by tlip cinitral portinu of Ujb arch, the right auil It-ft 
lungs by the lat^-nil portions, the nglit eide of the nrch being 
■lightly higher on ihv right than on the left jside. The lower 
or under AUrfiice itf ihe diiiphragm is deeply conoave, and covei-s 
the liver, stoinach, pancreas, spleen, a,n*i kidneya. 

The action of the diaphr-ngin modilicft considerably the nize 
of the cheat, and tlio pofiition of the thoracic iind abdominal 
vbcenu iind it is os^entially the jjn*at respimt^ry muscle of the 
body. Tlio mechanical act of rcspii'aTlon con^iFit^i of two seta 
of movemeuu; vii- those of inspiration and of expiration, in 
which air is successively drawn into ihe lungs and ex|>elled 
from them by the alternata increii^^c ami iliminutiim of fhe 
thoracic cuvity. The changes in the capKcity of the thorax are 



66 



iNAXOMV FOR NUKBES. 



[Chap. VL 



effected by the ex|>amslon anil contmclioii o£ lU laleiul walU^ 
called L\/s(al respiiaLion, and by liie ilepreseioii iwiU elevation 
of the floor of the cavity, thixjuglj contmctinn and re!u\nti<>n 

of the diaphragm, chIIlhI fiia- 
pfiriff/inftfic ov iilKlomluiil jvspi- 
nilion. These two m<jvemenl« 
are normally coiiiUned iu the 
n^t of i'(>H| lira lion, hut in dif- 
ferent ciceiim-iuuice!) one of 
them iiNiy In; resopt^^d to 
ruore than the other. Abdom- 
inal respimtir)]! pivdcminates 
in nitjii imil in i.'hildn^n. uud 
eosLiLl re?ipiraLicji in women. 
In the ivct of inspiration the 
dinplLmgm eontntcts, and in 
contmetmg Hattciifi out aiul 
descendci, the nbdominal vis- 
cera are pressed downwards, 
and the lliora*t is eipaiided 
vertically. In nnmiiil find 
quiet expiration the diminu- 
tion, of the capacity cif the 
chest iF4 iiitiinly due Lo the re- 
turn of the walls cif the i4iest 
to the i^onditiuu of i\:^t. in ^on- 
Bequeuce of their own elaalic 
renction, and nf the elasticity 
SiSiii w^ciglit of tlie vlaceia dis- 
plaeied by inapimtlon. In more 
foreihle aet-s of evpiPution, flud 
in efforts of txjiulnion from 
the thoracic und ublonilnal 
eavitic'S, all the miistrle^ which 
tenil to depress the I'iljs, and 
those wliidi i^ompress the n\t- 
doniiind eavity, eoneiir in pow- 
erful acitioii to empty the lungs, to fix tlio trunk, and to cxjiel the 
contents of the tibdominiil viscera. Tlius tht; diaphragm ia an 
expulsive oa well as the chief respiratory miiacle of the body* 
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Siucies of the apper extremity. 
— A i^ertAin number of mur^clcs 
situated Biiperticijiilly an tlit' trunk 
piiss to thu Ixtiu'jf of tiiu tiliiiuldoi' 
and of the tLnn, eo as tn atbich 
the upper liriilw to the trunk. Of 
these, llie IWii siuperliciiU niuj^olps 
we have mentioned as covering- 
the iMurk, tUt' Impeziiis »rit1 liiE.LM- 
Kiniiiii ilorsU ^i"l pei'Uinil niusi^le^ 
t:orcring ths ln\ut of the chest. 
are ttii: thief. The most prtuni- 
nent mudcles found in the upper 
limbu are : — 



Delloi^l. 
Piceps. 

Triceps. 



Pronntjirs. 

Flexors. 
£xtt?nBors, 



fThe deltoid Jn a conrHe tiijing'n' 
hir nju^L-li? ooveiiikg llie top of 
the shoulder; it extcnda down- 
wards and is iHEicrted into the 
middle of the iihaft of tlie hu' 
tncrruA- Itrai!:;cG tlm arm from tiie 
side so as to bring it at ri^liC 
angles t<* the trunk. 

The bleep* is ji long fa^iform 
miisrle^ oponpying the whole of 
lh« rtnli.*rior nnrfare of the nrm i 
it l» dividLi] :tlM>ve irttit two 
portions or hemJn, fnnn whidi 
ciniiiinslJvni^t? it Lj» [-<.^i:ei\ed lis 
liAnu;. It aritios by thef« twa 
heads from the Hhoiddcr- joint. 
And ia tnHert<!d into Uie radius. 
It th'\ea thi? foriiarm on thu nvm^ 

-,, . . ■ '. 1 I Flu. ,W. — Miiiiiri 101 iM ritnKr or 

The tnoepa 38 *itualed mi Uu' FciHr.*Bif. ffi. |.n".«.mrrp*; ici^av 
W*k of the arm, exiendinff the "^' '^' t\vnin-. 30. i«ii]ii>iiii^ij h^u^us: 
whole length of the posterior sur- mom. 
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fate of the huiiu-nis. It 

almvu into thrca hciuls; 
lien^e it^ imine. It iti 
inseileU iiUo tfie u1ii:l. 
H iu the great exttiiisot 
Tiiiinrle of the fnreai'ni* 
and is tlio iHrerl aiiLiigo- 
jiist of the biuejw, 

TIhj muscles rcivcriug 
tlic forearm ni-t di.sjroseil 
ill gi-oufH, the pronaton 
and flesors l»tMiig j)Uoed 
on tliu front umt innor 
pai-t of ihe forearnii. fLiid 
t}ie inpinators and ezten- 
ion on Uif outer vide iujd 
b:ick of the fori?anur they 
!LiiULgoni'/e one niiotlier, 
Tlit^ jjnjiiiitors turn tin- 
julIu] oF tlie lijLiLd d<nvn- 
wnnls or prone, the supi- 
natoi-s turn it upwArds or 
aupine. Tlie tlt^xors nnd 
extensorn lijive loug ten- 
dona, Boiue of which ure 
itif-erttd inU» Iho l>inca of 
the \rmt, and nomQ into 
thti lx>ues of tile fin^^ei's: 
iheyservG tii fli-x and ex- 
tend the wriat sind tingei-s. 

Hiiscles of the lower ex- 
tremity- — Tliitse iiirludt! 



LOO. — Miwi-Ka .►1' TH« tHi,,!.- *;, kIu- ilie musclus of lii|j, thigh, 
i 37, au, InUraoJ r«pn.t.l or .kdducUir, i*^g' "1"« '^oL I ifcC moat 

pmminoat of ihi^su are :^ 



Glutei or gluteal louAcles. 
Posterior feiuoraL 
Anterior feuioml. 
Intt'f ual lexiiorol. 



Tibialis aiitli-u^. 
Eiti^na.irs, 
reri»rie;d, 
Giatrac uemi us . 



Soleua. 
Flexors, 
Tibialis poflliciUH 
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if wti campare the muscles of the 
sboulJer and aim with thosti of the 
hip and leg, we shall see that the an- 
terior nmscliis of the former (lon'e- 
Bpoixl roughly with the j>o?tterit>r 
njUBcIes of the latttir, tlit? iniist'lus af 
the hi|j and leg, however Vwihg 
liirgt^i- Hitil i.'un.rsi;r In tt;xtum than 
tlio^if^ of tl^c shoulder aud mm, 

Tlie glutei, or Lliree gluteal mua- 
clea, form tlio chief prominence of 
the butu>cka. They urc coarse in 
toxturcs (ind aris powerful aljduetors 
of the tliigh; l>ut the clik'f acUim 
of thir largest of tlietw thrte muen^les, 
the gluteus iimicimus^ is to hrijig the 
body irjio ilif erect ji'^slnri- wh^>ri llio 
trunk is Iwut forwaivU upon the 
tikigli. It also (.'iiriit^sS into ojieratittn 
ill luireniUiJg sEuirSi in tt!a[]i[]gi nml 
iu rLsiirg^ fi-oni iho rfiLLmg jioatui'e- 

Thi.' posterior femoral r»r luunisLnng 
muscU'SCOvcr tliL* hiick f»f llie tliigii. 
There are thi'ee nf these mu^clesi 
— t^K' bice|K4^ the Hc^mitt^ndinosui^i 
and the bomimumbi'ariiHiii^- Tho 
clkief of theBe iaj the bice[.«i» ntid is 
fiOnii^>vliMt RnalogiiUH to the bieijps 
covering ihe front nf Ih:! ai-in. The 
action of the hMmsiriitg idusoIe^ in 
to flrx the knee and to eiteucl the 
bip- 

Tlit; tattrrior femoral irtUMelts are 
tlic quivbiL^eprs mid ehaLtfiiina. The 
ijmidncejjs covera iUv front of the 
thigh, and ia aiiah>gim» to the trieej»4 
eoverijig the back of the mm; it is 

.be g...t cxten«o. of tl,. I.g; H ^.I^ii-^lr^^ '^ "M;?''r^" 
also dexes the hip, and antikgoiiLces -"^i teudo Ai^iHIia; 2\. ^luLnH-n^ 
the action of tho haiastnng mu^eles. '^IZ' '"" '""''^- '"' «^™"^'^ ^"" 
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The anrloriua, or tallor^s muscle, \b a long. libboii-like muscle, 
the longeat in the body ; it crosses the thigh obliquely from 
itv orig'in in the ilium lo iti^ insertion in the tibia* It is supposed 
tn be the muade pnTicipnlly concerned in producijig the posture 
a?v4inned by tlic UiWov m aitling cro33-Iegged, iind hence its n»me. 

Tlio intern[it femoral or adductor mu&cles occupy the internal 
portion of the lltin'ii ; tlity am all adJuclors of the thij^h. 

The tibiolu ontloiit, the estemorir and the peroneal ruii^oW 
eover thti froui aud out^r side of the leg- The gaatrocnetaiiw 
&ud Ihv loleiw, I hf]' flexors, ^nd the tiblalu poiticn*, eov<*i' tiiy luick 
ai the leg. Tht.^ ^icli^ni of the tihialis autii/iiin :iud of oiLe of the 
three peroneiil miiseles ih to rt^^K the ankle. wl»ile the action of 
thi? tibiali?^ pONtkui!^ and the other peroneul muscles ia to extend 
the ankle- Thi: Ht^xors and ext^iL-^oiv net on the toes. 

The ^afltrocneuuns nnd aoleua form the caU of the leg; they 
&ra inaeited into a. enmuiou tendon, the tendo Achillis^ which U 
the thickest and strangest tendon iu the body, and is inserted 
into the OS caleis, or h<!e] bone. The muselea of the calf possess 
ootisiderable power, and are constantly called into use in stand- 
inji, walking, dancing, and leaping; henee the large size they 
usually present. 

The eole of the foot i* protected by a faaoia, called the plantar 
fascia, which is very strong, and the densest of all the libious 
nienihmnes. 

Moat of the muscles are covered closel}' by sheets of fibrous 
CDnuectJVe tissue (fascia), aud tliL-^ deep layer of tissue forms a 
nearly continuous covering beneath the HU|>erficial or aulnru- 
tfttieous layer of areolar connective tissue, which in a former 
chapter we saw to be continuous over the whole of the l>ody. 
farts of tile deep fascite in the vicinity of the larger joints, a^ 
at the wriiit and ankle, become blended Into tight transveiife 
bands which starve to hold the tendons close to the bones, and 
receive the name of annular Uyamcnta. 
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TABLE OF CHIEF MUSCLES. 



Occipito-froclalia- Head. 

Mtitcte$ of Mastication. 



Temporal. 
Masse ter. 

Pterygoid. ' 
Kiterior rectus. 
Interior rectus. 
Superior rectua. 
Inferior rectua. 
Superior oblique. 
Inferior oUique. 



MutcUi of the Eyt- 



Face. 



Genio-EloBSUS. 1 ™ 

„. , , TONGtlB. 

otylo^Josaua. J 

Stern (Msleido-raastoid. Neck, 

Intercostals- 

Subcostala. 

Levatorea costarum. Thorax- 

Pectorai major. 

Pectoral minor. 

Diaphragm. Between Thorax ant> Abdombh. 



Obliquus extemus abdominis' 
Obliquufl iiiternuH abdominis. 
Transversal id abilominin. 
Kectus abdojniuin. 



Abi>ouen. 



Trapezius. 1 

Latissimus dorst. f 

Deltoid. SlLOlTLI>ER. 



Back. 



Biceps Bexgr cubiti. 1 
Triceps extensor cubiti. J 



Aru. 



Pronators (2). 

SupJ]iator<t (:J). 

Flexors of (lie wrist (2). 

Flexors of fingerw and thumb (3). 

Extensors of wrist ('')). 

Extensors of lingera andthunib (6). 



FORCARH. 



J Maximus. 
Glutei i Mediuii. 
L Minimus. 



HlF. 
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Postei-ioJ' femoral 



AaterioT femoral 



lutenial femoral 



Bicepa flexor crurU- 
Sem)ten<Eiiio0Ufl' 
Seial lueiikbranottiu. 
QuiulriiKpfl exteofior cruriB' 
Sortorius- 

IA<IUuotor looguB. 
Adiluctor bi-evia. 
Adductor ma^us. 



Thigh. 



Tibialis aiiticua. 

Tibifllif* |Kisticii3. 

PeroiiBol (:i). 

GaaLrocEi^miua. 

Soleua- 

Flexors of toes (4). 

ExteiLSorH of tooa (4). 



Leo. 



CHAPTER VIL 



THE VASCULAll SVSTEM^ THE BLOOD. 



TTavtko stmlied tliree of the disllnctive tlssnert of the btrdy 
(tliu epilhi^Lal. connective, And niu^uuUr)^ tlieir gtiiii;lurt9, ii(mi- 
tion 111 the bodj, and the yftrtous functions they are especially 
udaptcil Ui peiiciim, we slmll next conaitier the vjwi;iiUi', respi- 
ratory, ftlimenlary, lUid esurctorj' hyatema, by raeiiiia of which 
all the tiflttues are atippHed witli the jiiatemU; necessary for their 
life iLnd growth, luid rolieved of nil thtj^o waste aud ^upertiuoua 
nmttcm whiiih Lire Uj^ leHulls of their activity.^ 

All tlte tisbUEsri of the body are trnven^ed by mitiutd tubes, 
called capillary blood-veastlrt, to which blood is brought by 
large tubes?, calleil arteries, nnd from wliich bbjod U ciirried 
awuy by ntlier larLjL- LuIhw, L-alled veins. These L'H[»illarier4 form 
networks, the nieslies of which differ in f<irm and size in the 
different licwutis. The mesheH of thcMt in^LwovkN are ortupied 
hy the eltiutint** (^lella or libit^) of the tUaue^ti and filling up 
fiuch tipacDS a» exir^t between the capillary walls and the ete- 
mentfl of the tiaaue, is found a colourless fluid, resembling in 
many rcaj>etta thi' tinid portion of the blood, and ciilk-d lymph- 
Ad the blood flows through the capiUanej3, certain i;ondtituents 
of the blood [AXitii lhroiip;b the capillary wall into the lytnph, 
and L^t<rUun eon.^titucnts of the lyn)|i]i pahs tljrc^ugh the cupilUry 
wall ii>t€ the Mood within thd oapillary. There vn thuH an 
uilert-hmi^m of luiiterial between the blood within lb*? eapilUry 
nud the' lymph outJ^ide- A nimilar intercb^inge of material in at 
ibv (Mine time going on between the Ij'mph and the tiftdue itself. 

■ An the uenoiiFi tlwtip i« tlie riinsi higlity orgtinfzfd of Utf iinatt^n^ and n« 
fmuMloiiH Mrt- ver^ <Miiiii!ex anJ dliHoull. to uacleralauii , the coiiBidcm^tn nf ll \b 
ilc/«Trvfll urall tlip iludvut bu iii!iati;r«d Lhb wculnr, rcAiJiiaUiry, uluiiciktirj. 

n 
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Hence, by meftus of Uie lyinpli noting aa uiidJliimaii, i\ (IouIiIa 
intcrclmnge of matciial takes place between tbe blood within 
the cajKllary jvud llie tissue out-side the capilhiry. In uvei'y 
tissue* sc> long as life lasU and tlic blood Hows through the 
blood-vcaaela, u Huid is pjvwmg from tbc blood to the tissue, aiid 
from tha tiesuo to the blood. The fluid from the blood to the 
tissue oiirries to the tissue the mateiinl which the tissue ueeds 
for building iWtlf ujj iind for doing ita work, iiit]luding tha 
all-iuiportaut oxygen. The fluid from tht* tissue to the blood 
carries into the blood ceitain of the jirodinta of the izheiniiiHl 
changes whiL'li hiivv Um^u taking pljtce in the tissue — produets 
wliioh m^y l« simply wiiste, to he cast out of the body as Hooa 
aa [Xffisible, or wbiuh may be bodies rapable of lieiog niaJe use 
of by aouAC other Itaaiie, The tissuea, by IJie help of the Ivrapb, 
live OH the blooJ^ »ud the blood may thua be regzirtled m an 
lutcrjiAil niediuin, branng the same relations to the tissue ihat 
the external medium, the world, doea to the whole inJividunl- 
Juat as the whole organism lirea on the thingH around it, its 
air !ind its food, so the several tissues live on the complex fluid 
by which they »re all bathed, and wbieh 13 to them their imme- 
diate air and food. 

The blood, — Tbe most striking external! feature of the blood 
19 it^ ^^'ell-known colour, whieh ia bright red approaching to 
sciLrlet iu tplie arteries, but of a dark-red or purple tint 111 the 
veiii8. It is a somewhat stieky li'piiil, a litlle heavier than 
water, its hpei;ilic gravity being !Ll>out l.OoJ; it has Ji >ialLisli 
taste, a alight alkaline reaction, aud a temperatuic of nbout 
100' F. 

Seen with the naked eye tbe blood appears opaque and liomo- 
geneous ; but when examined with a micro&co]>e it is seen to 
cotidist of a transparent, eoloarlesa fluid, with minute solid par- 
Liules immersed in iL The oolourle^^ tluid is named ptaamd 
the aalid particles C'^rpuscles. These eorpusckj* are of two 
kinds, the red or coloured, and the while or colourless. la 
a cubie millimetre^ of healthy blooil there are on an average 
5,000,000 ivil corpusdes, and 10,000 white. Tbe number of 
white varies much more than that of the red; the proportion 
of white to the red is usually given at from 1 ;o 250 op tci 
1 to 1000. 

^ A mUUmflLTV is equal to O.DOO, at ^ at an EngllRh Lnoh- 
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Red corpuBoIea of the blood. — Tin; rod uorpuaclea have a nearly 
oia'ular"Utliiio like u pieoe of uoiii, jtiid most of them liavoaHlial- 
\o\\\ d'm\\t]v'\ik'* dejjres- 
alon on boili biden; their 

of hiuniii^itve dtskj*. Tlie 

AH iiiL-h ill iliiimt?[t?j% lunl 
ftbout oiie-foui'tb thui 
in thickiiL-a^. When 
viewed singly by tmns- 
tuitli-d light the col- 
oured corpuaclcs do uot 
Appeiir red, Imt rnofoly of 
a pedditth-3'ellow tinge, 
or yellowish-green m 
venous blood. It is only 
when tlie li^ht shint^E^ 
upon 

pusrlea timt A disiint-t 
red colnnr is jtroduceil. 
When bh)o(l i*i dranvn 
from tlie vesseU, tht red 
di^ka sink in tW pljvsniA; 
they Iwive n Hingnhr tendijncy to luu logtthtT, and to cohei'e 
by Iheir hriwid surfaiTs, ho at:i to focm {?yhndrk'iil columns like 
piles itv TfHiV^unx of coin^'i, nnd the piled join thonuselvea li^getlier 
in ait irregular uetwork. GE^nomll}' the cor[>n^<:le» tiepanite nri 
a sliglit ink]iul^e. f^ni may th^n unite again, 

R*t^h fe.d i*offtu¥rie la eotnpoKtti of an tfrtertmi fvioitrhna envf- 
foptf trifh i^tourfit fiuiii cotitetitu, — Quain. 

The envelnpj is ii very delit'ntt* Tueinbnuie of u fiiLty nature, 
and muy lie rnptnred or ilismdved under eertain eondiltonu. 
The coliinr of ihi.- flnid contents \^ dne to a prystalli/iiMe anl>- 
[itAni'tT t-alW iuenioghihiii.i If wAier b*- adJi^d tu a pif pjiration 
of blood under the inicroaeopu, the water pA^^ex into the ccir- 
puacle, and the concavu aidua nf the corpnsrle J)€come bulged 
out so that it 13 rtfudei'ed gh>bnUr, Hy the further licl.ioii of 

1 Flff-mr>g]al>lTi in a pn>teid, arid ci>nlAlns, in addftlnn In the lUiiiil proteld 



Frn. IC. — Rkd ant> Whitk OMtrirstu^H kp 
£1 number of COV- ^"^ Hmhh-. Hn^ihiHr-l. .1,mi>Jrmtdy irmf>mlli-d, 
the rvd ^.-orpiiRfK^a ar*' tM-'un in p»iilciiiix; a, a, 
whitp (H4^r|>ii)i,.iiiri : /^, i\ /J, mU fOTpii^'U'n, liiukly 
ma^iitHpil, t-^w in iIilTiTtnl {uifillioriii . A\a r^il c-tr- 
\n\>v}\v so'cpII'-ii iiilii a mpliiTi- \i\ \.iv\h\\%\\\t\i\ •'{ unlr-r ; 
/','r wliri«' tMrrii>''i'l<'^, lit^lily "lOfnilliMJ ; A', while 
L'iir|>u'H-lr tri-jiiLiI aMIl n^^^ih: ncM; /f, I, ml cnr- 
|iurH'lG9 uriiikt'Hr LPr iTi-iiilIliI. 



76 AKATOMY FOR NUBSES. [Chap. VII. 

water tlie haemoglobin i^ dissolved out of the corpuscle, and 
the colourless) etivelope remains as a faint circular outline. On 
the other hand, the addition of salt to a preparation of blood by 
absorbing tbu water causes the corpuscles to shrink, and become 
wrinkled or crenat^d. The red corpuscles are pfiictically small 
flattened bags, or sacs, the form of which may be changed by 
altering the density of the phwma. They are very soft, flexible* 
and elastic, so that they i^adily squeeze through apertures ami 
passages narrower than their own diameters, and immediately 
resume their pio[»er shaj>e. 

Function of the red oorpnsclei. — The i^d corpuscles, by virtue 
of their lifemi>glol»in, are cmphatJcany oxygeii carriers. Ex- 
posed to the air in tbe lungs, t)je htenioglohin combines with 
the oxygen present in the air; this oxygen tbe haemoglobin 
carries to the tissues ; these, more greedy of oxygen than itself, 
i-ob it of its charge, and the reduced hsemoglobin hurries back 
Ui the lungs for a fresl* anp^jly. The colour of the blood is 
dependent upon this combination of the haemoglobin with oxy- 
gen; when the lijemoglobin has its full complement of oxj-gpn, 
the blood has a bright red hue; when the amount is reduced, it 
changes to a dark purplish hue. The scarlet blood is usually 
found in the arteries, and is called arterial; the dark purple 
in the veins, and is called venous blood. 

White corpuscles of the blood. ^ The white, colourless corpus- 
cles, or leucocytes, are few in number compared with the I'ed, 
and both on this account, and because of iheir want of colour, 
they are not at tii-st easily recognized in a microscopic prepara- 
tion of blood. Their form is very various, but when tbe blood 
is flrst drawn they are rounded or spheit^idal. iMeiisured in this 
condition they are about ^x^qjj of an inch in diameter. The 
white corpuscle may be taken as the type of a free animal celL 
k i>: a small piece of protophisni, containing one or more nuclei, 
an<l has no limiting membrane or cell-wall (^vhU Fig. 61 F. G.). 

These corpuscles, or cells, possess the power of spontaneou:s 
movement* and are capable of changing their form and place. 
While, wheti in a state of rest, they assume in general the 
Hphei'oi(liLl form, we And that when they become active they 
send out variously sha|>ed pixwesses, some fine and delicate, 
others broad, and of very irregular shape. We often see, after 
a process has been thrown out, that it becomes larger and 
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Urgci'i the cell Iwdy L^comJng cor'respondingly smaller, until 
iinj\lly tlie whole eel! passes over into the procose, thiia moving 
forward. Theau iiiiK^'huid movtirm-Tits afe always very slow, 
and are greatly inHuencTd by the t^-mpepaturtf, density, nnd 
nnifiuiit ot uKViren in cIil- tluirl in wliii-li tiie uells lie. By virtue 
nf this lofoinoLive p(iwf»r llif wliite hhnxl i^i-lls |]<'rfniTn ceriaiti 
evolutions witliiii tlie hluod-ves^elM; they esi'Jijte thrniig-h iheir 
w^tll^. Jiiiil -SI »]iBi^ times siij^i'ly, sntiietiEiii*4 in xasX jjuinhhi's. iimve 
thi'iugli the iymph fipace^ in the ourrourding tissues. Thw ia 
sjKiken of an the ^'iiiigrntian of the white eorpLiaclea."'' In Jtii 
''indiimed aivii '' lav^i^ iiunil^ei's of while corpuscles are thus 
dmined tiway from the bii>od> Tiie.se iiiignLting uoi puiicliis, t^t 
wander cells, may. by fallowing the devioiw tmeLce of the lynjjih, 
hud Ihtvr wiiy bnek into the hloml ; some of thcni, IjuwevL-n 
may renmia and iindci^o various ciian^efi. TUma in inlliimad 
ai«iw, when ^uppnratinii follows in (lit mm iit ion. the "wbite cor- 
|iuscles which have nugiated nuy become "pus ooi^iuseles.'" 

A^^iin, by virtne of Their iiruwboid movemtnts. th^ while 
corpuscles* can creep around objeels, enveloping them with their 
owti Hulmtjtnee. and s{> pntting them Inside tlit-niseK'e_4. As an 
illustration of tins adion of the white eorpusrle^ we riMv tnlate 
that, aerordin^r (n f^onie obscrvera in eerta,in diseiises in which 
mitiro-organisrns make their a]»}>earancc in the blood, the white 
corpuscles tike up these orgaiiisma into their anh.stance and 
probably exert an inHuence over them* which moUiliea the 
coarse of the disease of which theae orgnnisms nre the esnen- 
tial eaiise- 

KuTthermoi'e, the white corpuflcles are not only cnpabla of 
ticking up particles in the blood, but are aUo enpuhle of giving 
lip modilied produetA Ui the blood, and tl fidlou's that tb^se 
metalK>Jic ehanges must necessarily affect tlie conipostiion of the 
fluid plaMmii in whieh they lie. 

The plasma of the blood. — The plasma is a cleur^ slig-htly 
yeUiiwiKh cifhnired llnid* consisting for the moat part of waiter, 
holding iiL aolutlon or anspeimion piTJteid substancea, fata, 
varioUH e^trLiclivcs^ and saline niattenn. 

The proteidsnljatiinccsS arc albumin, para-globulin* and fibrin- 
OgQQt The alhumin and para-g-lobu lin occur in about equal 
qnfintitios; but the fibrinogen, thon^h n most import.:int element 
ID the bioudi occulta in very emaU quantitiea. The futd ttra 
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scanty, except after a meal, or in certain diseased conditiond. 
The extractives, t^o named because they have to be extracted by 
special niethoils from the blood, are very numerous. The most 
important are perhaps urea, lactic acid, and sugar. 

The saline mattei-s are the clilorides and sodium salts, tbe 
phosphates and potassium tsalts being found chietly in the 
corpuscles- 

Of all these substanees. albumin probably holds the first place 
in regard to nutrition, proviiKng, as it does, the greater part of 
the material necessary for the daily nourishment and renovation 
of the tissues. In this process, it undergoes a variety of trans- 
formations by whjoh it is converted into the structural churac- 
teristics of the tissues which it supplies. 

Fara-g^lobnlin is closely allied to albumin in its chemical reW 
tions. and no doubt also in its physiological action. Both sub- 
stances are coagulated by lieat, and solidified at a temperature 
of 160= F. 

The flbrino^n of the plasma is the substance which produces 
the fibrin of coagulated blood. It is very difficult to obtain 
in the fluid conrlition, owing- to the ra[iidity with which it 
solidifies when blood is witlidrawn from the circulsition. 

Of tlie mineral saltj^. (he sodium chloride is the most abun- 
dant, constituting nearly 40 per cent of all the saline ingredi- 
ents. The mineral salts maintain the alkalescence of the blood, 
a property which is essential to nutrition, and even to the 
immediate continuance of life, since it enables the plasma to 
take up the carbonic acid from the tissues and return it to the 
lungs for eliminatioiK 

The clotting of blood. -^ Blood when drawn from the blood- 
vessels of a living body is [perfectly fluid. In a short time it 
becomes viscid, and this viscidity increases I'apidly until the 
whole mass of blood becomes a complete jelly. If the blood iji 
this jelly stage l>e left untouched in a glass vessel, a few drops 
of an almost colourless fluid soon make their appeamnce on the 
surface of the jelly. Increasing in numl>erand running together, 
the drops after a while forjn a superficial layer of pale stmw- 
colourcd fluid. Later on, similar layers of the same fluid are 
seen at the sides, and finally at tl^e bottom of the jelly, which, 
shrunk to a smaller size and of firmer consistency, now forms a 
elot or crassamentum, floating in a perfectly fluid liquid. The 
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\i\t\AiV BurfHiiQ of the clot ia geuemlly slightly concftve. It a 

poriioik of the clot be examine'^ under the rnicroscope, it is seen 
lo oansiaL of a netwijrk of line fihi'iU in the meshes of wliieh 
are eritiuigled the red and white eorpuacles of the blood. The 
librils are eomjwifted of tlte fibrin ; ami the Iiqiiiil in which 
the t-loi is Ktispeikded is hh>od minus ci^rpiist^les iiitil Jihriit. mid 
is called Hernm. The clotUng of the hlixid i^ entii'ely dependent 
UjHpii the liljiiii : htr if fresh bluod, beFori; it h^i^ tiiiie lo i.^Iob. he 
whipped with n bundle of twigs, the Jibriu will form on the 
Iwip*. itnd if the whipping of the blood be continued until all 
the Jibrin baft been deposited ou the twigs, the blood left in the 
veaftei will be found to huve l(>i4t ^11 power of clotting' 

The coagulntion of blood U ha«t^*ned by high tempcmture, 
and by contact with miy inngh eurface, or non-living mnteml, 
On the other h^nd, ri low temperiiture retii^rd^^ iind the addition 
of ftttlt in aufiicient (juantity pravents» congulation. After denUi, 
the blood remains u l"^g time I^tiid^ and it never clot*! so firmly 
and compWtely as when shed. Iti'lot^ llrst in the larger vetiMelSf 
but not until several boure after death in the smaller veaseU, 

The eo:i^uLd>ilJty of the bhind differs Jri different; iridividuaht, 
and in nut^ eLises is ho ?ilight thiib Uic nio?,t trivial operation in- 
volving heniorrlmgrt is aLtcnded with gi"eiit diUiger. 

The quantity of blood conuined in the body is a balance 
struck hetwecn ihe ti**ueri whieb give to, and those whit-h take 
away from, the IiUhhI. Thus ihe tissuea of the ftliiuentaiy cftnal 
largely add to the blood water and tlie materiid derived from 
food, while the cxerelory organs largely take away water and 
th<; other eultstuiu^efl constituting the ejccretionei. From the 
refltilt of a few observations on executed criniinaU. it h>vi been 
concluded that the total cjuantity of blood In the Inimiin U^dy \& 
alvitit -A- of lb** Ividv wfit;lii. 

General coinpcBitiaii of the blood, — Not oidy ih) the Kcvrral tiv 
EtueK take np fn^rn tht' lib^od Jind give up to llie bhiml dilYen-nt 
things at diffi'reiit ral<fH and al different tiine^, hut atf the 
UsHues take up oxygen nml give up carbonic add in varying 
iltiaiilities, Fn>m thiM iL follows, on the one hiind. that the 
codijKJsitiou and chiiracter of the blood mu'^t be forever varying 
in dilTorent partA of the lx>dy; and, on the other handn thi^t the 
unitisd action of nil the tissues mu^t tend to cstrkhlinh and nmin- 
loin ttQ average uniform composition of the whole mow of blood. 
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To sum up briefly, the blood is composed of — 



Plasma 



Proteid substances. 

Fata, 

Extractives. 

Siilta. 
[Red 
CoBPracLEs and 

I White. 

Tlie ])la.sma is chiefly the earner of nutrimcTit U> the tissues, 
and of waste matter from the tissues. The red corpuscles are 
pre-eminently the carriera of osygeii ; the white corpuscles may 
be regarded ;w Hcavengers* ;ls important protective elements in 
many disejises, and possihlj' as contributors to the construction 
of new tissue where such has been injured or destroyed. 

Note. — Wlien we rpmeDiber ttiat Ihp (iaauea live on the binod, we rec*>i^ize 
(lie gravity of Ui(*c dispasM ooiulitioiia in which important dements are bi'iog 
coiirttniitly dmined away from the blmid, att, for example, the albiunin in dis- 
eSHeri of tlie kidiivyf, the red ciirpurieles in liemorrlia^e, the water of the hlood 
in cholera, etc. Withdrawal of oxygt^n, as we all know, eaueea insianl death, 
and a cnnatant f^upply of fre^h air h a vital necessity of life. Nor Lb It of less 
im|>i'rlanc:e that the blfuxl bo kept free from thiiiw waste matte n*. — pre'CmiiieniLy 
earbimio acid and urea, — which, in acriiinulatinF:, poison the Hy^tcm, and, if 
not excreted in sufBcient amount, will aa wun ly caurfe death aa the withdrawal 
from the blood of aoy of ite moat vital couHtituenta. 



CHAPTER VIII. 

THE VASCULAR SYSTEM CONTINUED: IIBAHT; ARTERIES; 
VEISS; CAI'lLLAltlES. 



Thr blood, as we linve ^d, is the inttirnal tneditim (in whioh 
tht? ti^HUea live. It la earned tlimugli U^e IkhIj hy limiiched 
tulhjs nftmed blood-vesaela. It is driven along theae tubes by 
the ai:Uon of the heart, which ia a hollow niusculai organ placed 
in the centre of the vascular system- One set of vessels — the 
arteries — cotnlucu the blood out from the heart and distributca 
it to the different jmrta of the body, whilst other vesJiela — the 
veins — bring it back to the heart again- The blood fi-om the 
artones gets into the vein!) by passing tbroutjh a network of 
fine tubea whii?h oomieat the twu, and whiuli are nunicd, on 
account of iheir small size, the capillary (^t.e. hair-like) vesaeU. 

All the tisT^uer*. witli the exL*eption of the epithelial tiseue, 
and int>st of the i^iiitiliiges^ are traversed by these netwoiks of 
capillary v&shcU- It is bbmiigh the thin walls of ilie eapillariea 
Umt the interchange of material whii;h 'ih contliinally going on 
between the blochl aud tht^ tLs^ued takes placu. It is in the 
capilUriea, then, that the chief work of the blood is done; and 
Uie object of the vascular raechaniam is io cause the blood to 
flow through these vesseU in the mminer beat adapted for 
occoinplisbing this work- 

The use of the arteries ia to carry and regulate the supply of 
id from the heart to the capillaries; the use of the veins., to 
the blood from the oapiUanea back to the heart; the ub6i 
of the beait, to drive the btoml in a suLtiible manner tlu'oiigh 
the arteries inio the cnpillnrie^, and from tlie capillaries back 
along the veins tJt itaclf tigain. We shall see that the hlructure 
of these seienil part* iq adapted to tliese several irses^ 

The h«art. — The heart is a hollow muscular organ, divided 

6! 
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by n longitudiniil piti'tilioii into a. right and a loft heurt^ each of 
n'liich is snhiUviiied by ft trftiiHverse lonstriiition intci two com- 
partments, iLit upper lind a lower, whiah cDmmuiiicate witli each 

other. It^gerieval Form 
m thai of !L blunt cone. 
It U situated ill tlie 
thomx, Iwlween the 
luztgs, and, together 
with the adjjirenL paits 
of the great hlood-ves' 
sek wliich carry blood 
to nnd fnnm it, is on- 
!■ lasted inn mL-mhiunoua 
■■^weiingi tlie peric-ar- 
dium. The heart lies 
I to ihe front 
li^-Li. Lo tho hick of the 
chest, and is pl.iced be- 

FiO- Git, — Thk Hki\ht asd Li'suh. 1, tIkIji vtn- \ ■ j ,\ . i 

trlclp, 3, rifibt an^L-le; fi, 7. j.uliii.-imry artery; [», "'"i'* ^"C SterilUIII and 

ftoHo; 10, jiuperigr vtim r^vn- n, Ijnnimliioli: ar- ilj« i;rj3Lal CttrtilagOB. 

lory; 13, H^it tmUrlavljm vinin; U,iiijii>iuiiirtL(* vi-Jti; ■ i i i 

IB. loftrtjmmonciiruUa: 17. iri-olrfu; tfO, i.ulmo.iuiy tLe broader end or 

^Eina; 'J.' In ^ift, Juiiga, parliiUy liimed buck to uliuw iMLseheLnil dirertfid UT> 

v«ina uri le[l a(J*?. * i i » 

wards, backwards, and 
to the rifrhU while the ]»oiiited end or apex points downwurds* 
forwiU'ds, and to the left. The impulae of the l»e-'irt against the 
wall of the clic^^t i^ fult in the apaco Iwtween the hftli and aiicth 
ribs, a little below and to the inner i^ide of Ihu h.:h iii[)ple. It 
has, therefore., a very oblique position in the chesL It is ana- 
pend«d and kept in prnition hy the ffVQ3.t vOHHela at th<i hase* 
and is al?^o supporti^d by the diaphragm, At.'.cordiDg tu LAynuee, 
the heart in its normal condition is about equal in size to the 
flsL of the individual to whiiiii it belongs, 

TliE! nijiin f^idr^^tanca <if the h^^irt is composed of mtiscitlar 
tis.suf. Hetween the muscle fibres is a iierUin amount of in- 
tei^titial tissue with numerous blood-vessels and lymphatics, 
and^ in wonie parts, uervej* jind ^anyli:^H There i.s alflo a consid- 
erable amount of fat, chietlj colieoted at the baae of the heart 
ami Lcnciith tlie [lericardium. The mufltiular tidsue of the heart 
differs from all otliRf invohmtiiry muiiL^ular tissue iu potistiasinEr 
transverse strife. The hhreu continually branch and unite with 
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one another so iw to fnnii a kiad of network or Hponge-lika sub- 
sUiire. The arraiigfcraent of the fihi-es differs iu the aurideH 
and the veiitriiUes, and is very intriciitto ; the fibrea nm traiia- 
verw;ly, longitudinally, obliquely, and in the apex of the ven- 
tricles; tnke a spiral turn 
or twiat, Th(> inuaculur 
wniJs of UiG nurit^lcfi ixr& 
m\xA thLnner than those 
of the ventricles, (ind iho 
wall of the left venlfiele 
is thicker thun that of the 
ripht. Tills (li fferetK't" ill 
bulk is U* \n.'. lU't-oEiiLlvd 
for, iLs we shall see later 
OTi. hy the gi-eater ftinount 
of work the Tentncles, as 
compared vitb the auri- 
cles, ]]i\v& to do. The 
muscular walLi of the 
hcfvrt arc ahunrkntly 
supplit^d with blood 
and Ivmph, The nerves 
which supply the heart 
are partly derived froru 
the eGrehro-Bpinal system, 

and p;iitly from llic svnr- I»[wu«imiuirh-liia; rf.ir, rUhi mirliin; «.*-', k 
nathetic system, ('on- i^,, .„.i' „.„,' „„:^. ti.„ «■__" '_.^. 




Fm. fl4. — /jfTFEttioii Vijtw I'V Hrabt, pb- 
UKr-Tirti, Akr-TKii l^iH^i RoiUK^i, T'> mrow the 
Siii'iiiErij'iAi. Miriu'liLAki Kiukkk (Allen TJii>m- 
Hiin ) 71ii« d^Tta \h' t ani ptiluiAnbry nrf^ry ["'} 
IkHVp Iwn I'lil HicirL rlittm i*) l Kp pi«inilDnAr valTn, 
u, ilelit venlrlde; b. Ml Tpntririp- c. ■?. ^nxivA 

^\ - ^ t , Hill I* IV , J , nuiH'i iiri vtiju i-a>K p V - V r rJVi" imi] 

pathetic system, (on- i.n ,,«|„„„,*ty v.Jd-. TUn flu™ an- k.p ru,- 
llt>('ted with the nei ve ■'*■»« ^i» * rir-.ubr, obllqnr, iranncrsc, jind lonprf- 

hbres supplying the heai t 

are giijups of nerve cells, or gaiigha, 

The heart is covered, as mentioned above* b;^ a Rienibranous 
covering in the form of h Brtc. Tbis membranoiiH hjn:, or pen- 
4^1'diufn. ifl one of the aorous mcmbntne^ of the body,' It ia a 
sort of double bj\i>; one hnlf of the Kitr. ealltd the visceral por- 
tion ("y/jf^^a, organ), \^ closely ndlierent to tlie heart aubelnnce, 
and fliflo covers the great blood-vewols for about an inch and a 
hidf fi-om the base of tlie heart; the other half, ibe parietal 
]ioriion, is continuous with- and reflected over, the vincoral por- 
Ijon, so that it loosely envelopa botli it and the heart, 

> S«« aoUt on uruus iDumbmncs at irad of aliapWr. 
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The pericardium fruina a completely closed sac : ita internal 
flurfaces are very amooth and poliahed, ihey Are lined by epithe- 
lium, and aeerete a small quantity of serous fluid. An their 
opposing surfucca, owing to the con^itant contriictionr; of the 
hejvrti are cotitinuaUy- sliding one upon the other, thi^y arc ad- 
inimbly constructed to pmteet the heart from any loss of power 
by friction p 

The interior of the heart is lined by a delieate, smooth mem- 
brane, called the eikdacLit-cHum. Thi» pavement raembi-iine lines 
all the eavjtier^ of th<? lie:Lrtr and \a eor^tinuud into the blood- 
ve*8el^» forming Llipir innermost eoat. 

Tho cavitieB of the heart. — The heart is divided from the base 
to the apex, by a fixed partitioQ, iuto a right an*! It^ft half. 

The two aides of the heart 
hflve no communication with 
each other; the right side u.1- 
waya contains venous, and the 
left side arteriitl, blood> Each 
half is (Subdivided into two 
cavities, the up]>er, called au- 
dible ; the lower, ventriclen 
These eaviiies eommunicnle 
with one nnother by meuTis of 
uoiiatiicted openings, the aurio- 
uhf-ventrieular orifiees, which 
are atienglhened by fibrous 
Pm.c^.-B.^„T 3,1-. ,,. ii..,ur. 1. nng^^^'^^lp'-otcijted and guard- 

cavilj af riiibl aurii:]e -, 3, vana c\\% aujie- ed by Valvea. The Valve gUal d- 
tioE\ i. TCftn cava infiTUtr; '.*, uijimm'c nf ,-„^ -i, ^ . ;^k* ,. ■ i . - 

.uri<:ul^v™tric.l»..p,..,ing: .,ri«l„™... '"K "'" "S^^^ aiiriculo-ventric 

liHflej fi, <■, cavity "if ri((W veulride, on ular OpCllinfJ is COmpOScd of 
thn walla r>r wliieh Iho pQluniniD tAr-un- .* . ■ in j ■ 

»™ 'innn; ri, piihiimiary nHery; *,/, ftl- ^"^^^ trlangUlftr tliiliS, and la 

ciapiii vnivf-: i.ncjiunin* '?iiniiL-;m,a-mu hence named tricuspid. The 

lunar 7iilve; Q,lBft venlrlrls; ji, a»-E^iidllii2 a - , l . . 

aoru;.?.*rob; MJtt*.'BiKiii»Hii«Tiii. ^^V'^ ^'"* mftinly fnrmod of 

fihrou.'* tissue covered by endo- 
cardium. At their bases ihey are continiinaa nith one another, 
and form a ring-shaped nifcnibratje arouml the mar^^in of tht^ auric- 
ular opening: their ponit«d ends are direett-d downwards, and 
are attaclied by cords, the chorda; tenifiHefF.. to liLtle munpular 
pillars provided in the interior of thij ventricltss for this purpose. 
The valve guarding the left auricular opeuiug conaists of only 
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two flaps, and U named the bicuNpid. or initial v»lve- Tt is 
attached in tlieBame mfvimerai* tlie tricuspid valv«, which it cloao* 
1^^ re^tembles in structure, 
except tliat lb is much 
stronger aud thicker in 
all iUi parts. 

Theac valves oppose no 
obstacle to the passage of 
the blood from the aui'i- 
clta into the ventricles ; 
but any flow forced biick- 
wardi gets behind the 
fiaps of the valve (iw- 
tween the fia[i and the 
wall of ihrt VrtEitiideJ and Fm- rtfi. — L^rr Siuh \jv Reart, 1, rnirity 

unvt^sinena^jsnai^Kwaras ^^^^^. ^ ,^,j puiun^narj vdiis; G, auricuio-vBo- 
and upivarda, ujitil, meet^ trlcukr oiwolns; «Jofi vctiiticloi ^,y. ca-vlijof 

ing at tt^eir edges, they tin-hcd hy th*; <'h<.rrin» teiidineim^ &,6, iho mi* 

Utjite and form a coin- ^iiIa' pillnn'. i^r^^olumuiecaraii; d, iLtdltvt ma>tH\ 
, , *, pulmimury flrl*ry- 

plete transverse partition 

between the ventricle and auricle. Being retained by the 

chotdtB tondineie* the expanded flaps of the valve resist any 

preBsnre of the blcod 
\vbii?h Tiiipht otherwise 
force them twn^k to open 
into the auricle ; the mufl 
cnlar pillnra, alao, to 
whi(?li ihe c'hordm taridi- 
ritffi are attache J, contraut 
and shorlen at ihe Hftoie 
tinje, and thus help to 
kctrp them taut. 

Beside the npcnings be- 
tween tlte an[:elcn and 
ventricles, each auritrle 
has 'two or more veina 
openinc into it, and each 
venlrip|& has a large ar- 
tery o]>enin^ out of it- 

The o]>enin^ of the veins do not require valves, btit both the 
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Brterial openinga are provided with a net of valves- These valves, 
called semilunar v^lvea, iionsist of three semicireular fliips, eacli 
flup IjBiJig a.tt»,(;liu(l by it8 eotivei border to the inside of the 
artery wliei'e \l join*' tliK ventricle, whih' its olhi^i' border |m*jt!<;ts 
IiiLt] tlie iiiteniir of thi; vt?;^eL Tlit; IIiL|M iiT these Vidvf.s funu u 
complete bttnier, when closed, to tlie paaaag^ of tbe blood from 
thG iLrteri«:!i into the heiirt, hat csficv no icdisUiiice to tlic flo^ 
from the heart into tlio flittirlud. 

The beat of the heart. — So long as life laatSi the mnauular 
tiasiio of ihu he-.Mi eontruuU siud relaxes unceasingly. VV'u muy 
call the bt'^irt li mimcular |>ump» the foi'oe of wliuue ijti'okcfi is 
auppUed by the coiktractiojk of muscular fibres, the eti-okes 
beinp- ro[ie,ited so many times a minute. It is coiiatrueted iiud 
fiiniiijbod with v^lve^ in such a xvAy that, at eaeh stroke, it 
drives a eurtaiii quantity of blood with a certain force and t. 
pertain I'rtpidity from the ventricles into tlie arteries, receiving, 
during the striihc, and the interval between that stroke Jiiid 
the uQict, the same quantity of blood from the veina into 
the an He lea. 

The contractions of tho henrt are rhythmical ; that is to say, 
they occur in a certain order. First, there is a BimuUanooua 
contraction of tho walla of both nuritlca ; iramodiatoly following 
thitt, a tiimulUnconti contr'action of both voutrtclos ; then ooiiioa 
a pauae, or period of rest, after wbieh the auricles and vea* 
trielea contract af»ain in Uie s^ime mder m bcfove, ;md their 
contractions are followed by the same paiwe a* before- The 
state of contraction of the heart ia ealh'd the systole; the state 
of relaxation and dilaiation. ita diastole^ 

If the chest i>f an animal be opened and iirtificial respiration 
kept up, the hi^art may 1» watched beating, and a oouiplele beat 
of the wb<tle heart mtiy be observed to take plaoe rh folhu^-s: — 

The great veins are aeen, while full of blood* to contract in 
the neighbourhood of the heart, the wave of oontr^iction running 
on towards the auricLca* inercaaing in intensity aa it gocn. 
Amved at the aurides, which tiro now full of blood, the wave 
of contraction pasaea on to t}iem, and they contract suddenly 
and quickly. During this contraction, the walk of the auricles 
pretw towaitis the auriuulo-veutricular orifices, and the blood 
pasaea over the tncuH[>Ld and uiiti'aL valves into the ventriclea- 
The ventricl&( fill rapidly, and as soon as the auricular systole 
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IB over, they are also Been to ountnict, their walla heaoining yerj 
Cense and hard; the apex is tilled upwardsi and the heart 
twist* somewhat on ita own nxis. Duni;g the ventricular 
6yr*l<»lc, the hlood in the ventrlelea is forced through the semi- 
lunar vulves into the arteries, which are seen to elongate aiid 
expsiikd LL^ Lho bI(}od is puni[)i;d iiilo Uibm. 

TWn work of the auriulerf a.\ii\ ventricles is veiy uneqnal. 
All t\m uuriulos have lo da L!1 to |iump the blood into the ven- 
iriulea, whidi nt the* liniQ ara nearly enijily i-avities with relaxed 
and rtacL'id Wills. The veiiLncles, on tlie i^niitriiry, have to 
pnmp the hh>od intn tnlken wliich are already Full ; and if there 
werts no a limiuiIo- ventricular valves, the IiIikhI wcpnid ineeC with 
lc^:;i rejii^tiuve in [jushing its way backward into iho auricles 
than ill pushing open tlie semiluDar valves and for(;ijjg ltd way 
iijto the ai'teriea. 

Hence the necenaity, (iratly, of the tricttapid and initi-al 
valvea; and, aecnndly, of the auperiot tiiiiiktiesa and strength 
of iho wnlb of the ventrioled, as compared with those of the 
auricles; and since the left side of the heart has ii hirger 
ay*tem of bloniWessek to supply, nnd more resistance to over- 
come than tht light side, it follows that the left ventricle needA 
II thicker mu'^eiilar wall than the right. 

Tlie beat of the heart ia tansed hy the rhythmieal contractions 
of its mnscnlar Hbres- Whether these conti'acliinis ai'e auto- 
matic, nr depentlent npnn the ganyli^ lodgt^d in tlie cardiac 
mufteuliir tlssne, 1^ uncettain. 'V\i-\t the eontracLJoua of the 
heart do not depend upon the general neivous syateiu 10 cer^ 
Utin, for the heart will continue to beat for snnie little time 
ahvr itrf rcmnval from the body- It prolwbiy deiiends ui>i>n 
complex inetabolJG changes, not yet clearly undci-fitood. 

The ehaiucter of tho b<.vit, hnwsvcr, is govei'ocd aiul regulated 
by Ixvo siiA of nerves. The lii'st set comu from tlie eijrcbro-spinal 
centre, and are supplied by the pneumogastrie nerves. They 
are the ioliihltory rtbre*; that is to nay, they slow and, with a 
tttiong stimnl:Ltiori. will «Lop for a ttlinrt [ime tlie aetlon nf the 
heart. They weaken the systole, auLl prolong the diastole. 
The (}ther set come from the syiupatlielJu nerves, and are accel- 
efaling fibres which, upon atimulitiun, increase not only the 
rapidity, hut tlie force of the beat. The diastole is shortened. 
and tho aystole strengthened. 
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The saundB of the heut. ^ If the ear be applied over the heart, 
certain eounda Jtre henrd, which recur with great regulivnty. 
The lirat sound is a compai-atively long, booming sound; the 
second, n short, sharp, sudden one. iieiwetn the fii'st-aud 
second Houailfi, tlie interval of time U very short, too short to 
ht iTiejisiiiiiljle; bnt, between lIik second and the suci:eeding tirst 
snuiuLs tliere is % distim^t pause, TIik lii-st sound is generally 
supposed U) be cnused by the couLrac^tiuii of the veiitrinuliir 
walls ; the second sound is undoubtedly caused by the sudden 
closure of the seinilunar viilvea, 

These aotiiuU in certain diseases of the heart become changed 
and obacni-e, and are replaced by various distinctive and cbamc- 
teriKiic murmurs^ 

The arteries, — An artery ia usually described rs being com- 
posed of three coats, ^ an inner or 
elastic, a middle or muscular, and 
an external or areolar. 

The inner coat of an artery con- 
siats of Iwn layers: the inner layer 
is composed of pavement epithe- 
lium, and forms a smooth lining for 
the tube i the outer layer la a fine 
network of elastic connective tissue 
fibres. 

The viiddlt or muscular coat con* 
aists mainly of <:irenlarly diaposi^d 
plain muBcnlar fibres. It hof^ also 
in most larp;e arteries layera of elas- 
tic fibres, whicb foini close felled 
networks^ the fibres running for the 
Umgiiiidiual most part in an oblique and longitu- 
diital direijtLun. 

The out&r eoat is formed of areolar tissue, mixed with which 
Jire a gond miiny elaetic fibres- Thti sln-ugtli of an nrtery 
depends largely upon lliis eoat; it is far less easily cut or torn 
than the ntJier coats, and it serves to re-sieb undue expansion of 
the vessel- The arteries are also protected by sheaths of eon- 
nective tissue, which surround and blend with the outer coat. 

By virtne of their structure, the arteries are both contraetile 
and elastic- The proportion of the muscular and elastic ele- 
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mentfi diffei^ in different arterieB; but, as a geneml rule, the 
largei'- arteries are the more elsLsti<], and the smaller the more 
muscular. Tlie elajilii:ity and contractility of the aiteiies may 
be demoiistrated by the following example : — 

If we tie a piece of a large artery at one end aiul inject fluid 
into the other end, ihe artery swells out to it very great extent, 
bnt will return at once to its former size when the fluid [a let 
out. This preftt eliwtiiiilv of tlie urteries adii£)t,ft them for 
receiving the adcHtionul amount of blood thrown into them 
at each contraction cf the heart. Again, if we stimulate the 
rouscuhvr coat of any of the i*]naUer arteries, the artery will 
shrink in size, the circuhirly diaijosed fibrcK contmcting and 
narrowing the calibre of the vessel. Thb eontrattility is under 
the control of the narvotiB system, and ah the organe of the 
body that ars at reat do not reqiure so muc-Ti blood as those tiiat 
are working actively, the tiervoua system, the master-regulator 
of the body's work, ia able to diminish or inei-ease the supply of 
blood to the capilhtrieN in different parU by arlit^g upon this 
contractile muscular tissue in the arterial wdls. The arteries 
do not collapse when empty : and when an artery iw severeil, 
the oriTice remains opeiK The muscular coat, however, con- 
tracts somewhat in the neighbourliood of the opening, and the 
einstic fibres cause the artery to retract a little within its 
sheath.' 

The walla of the arterica are supplied with both blood-veasels 
and nerve-Si The hlood-voesek are known as the va»t}-vaBontm 
vessels tind tho nerves as the vafi9-motor nerves. 

The veini. — The veins have thi-ee coat*, and on the whole 
le the arteries in structure. They differ from them, 
rever, in having muuh thinner walls, and in their walls con- 
lainiMg reliLtivelv nineh more wfiite fdirous Lissue and much less 
yellow elastic tUsne, They are, therefore, not so elastic or con- 
tractile as the ait^iries, and their walls eollajjse when empty. 
Many of the ^eina, especiidly those of the liinl>a, are provided 
with valves, which are mechanical contrivances adapted to pre- 
vent the refluK of the blood* The valves au' semilnnaT folds of 
liic internal coat of tho veina ; the convex border ia alta^ihcd to 
the side of the vein, and the free edge points towards the heart. 

> nii> property of lUh eevi-ivd o-TU-ry \a an Important tutor In Ltae arreit of 
Iwinorrfaife. 
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Should the blood in its onward course towards the he^rt be, for 
any reasoti, driven backwards, the refluent blood, g-etting be- 
tween the wiill of the vein and the flaps of 
the valvs, will press thum iinvanls until 
their edges meet in tlie middle of the chan- 
Jiel :liu1 close it up. The valves have 
LisMully two flajis, aonietimt^a une, and 
nirelj' three. The veiui^. like the arteries, 
art! supplitd with both blood-veasela and 
nerves, the supply, however, being far less 
almudmit. 
The capillariea. — The walls of the cap- 
v^i*]. t»i<i oi«-n. with iwn ^llancd are formed cntii'ely of a layer of 
l«ll^<l^^f vniN^i'H' /*, ii*n^- aimple epithelium eonipoeed of flattened 
ahowiiigvah^tiiiscU. ^*^^1« P^^^*^^ ^d^^ to edge by cement sub- 
sianee, and continuous with the layer 
which lines the arteries and veins. The capillaries cnmmu- 
nii^ate freely with one another and form interlaeing networks 
of variable fonn and siKe in the diffei-ent tiHSues. Their 
average diameLer is m» small that only two or three blood- 
corpuaclea can paas through them abi-eaaU and in mariy porta 
they lio so closely together that a pin "a point cannnt be in- 
serted between thera. They are raost abundtint. and form the 
finest networks in those organs where the blood is needed for 
other purposea tlian local nutrition, such as, for example, for 
tJBcrt'tion or absf»rption» In the glandular organs they supply 
the sul^tanoes retjuisito for flecretioa ; in the intestines they 
tiike up the elements of tii^sted food ; in the lun^fs they ril)sorb 
oxygen and give up carbonic acid ; m the kiilneys they discharge 
the waate products eolleEited from other parts; all the time,6veiy- 
wherp chitju^h iheir walls, that interchange is gf^ingnn which is 
esserjtial to the rt^iiovatioii, grcuth, and life t'it the whole body. 
It must be remembered that Although the arteritis, veinn. and 
cflpillanes have each tlie dislinetivc structorp al>ovp desoribwl, 
it is at the same time difficult to draw the line between the 
smaller artery and hireor capillary, and between the larger 
capilliiry and smalicst vein. The veiua on leaving the capillary 
networks only gradually assume their seveml coats, while the 
arteries dispense with their coats iu the same iniporL^eptible way 
aa they apT)mHch the capillaries. 
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Seroiia membrftnai. — Serr>it« membmues aro thin anci transparPtit, In), 
emhiy ttrtiu^, i'xU'ji4j|r.\ mid eloatk'. Tlifj Lire liiiril *j|i ihu Iiiiut wji-fjiuv \>y 
a siiiipli? tfliitliHki lnyiT nf flaKeiieU wlls (I'lKlnthifliiiiMj. Tin? surfjiws ui* 
moi*t*fr.^ b_V a Huid n-Htfiiililiuy ayruni. mid from wLich tbo meiulroncp 
obtdin tli«ir uujie uf neious riiKriiitr'^irkrvi. lEi^n* aiid there between the c«1i« 
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o^viiinfTH aro «teii. which are of t'wo kincU. Th^ miinller nnd Tdoro ntiinaroiiB 
irp faljw opeiiLu^a, ^[iil ui? ttrrLitrd [.t^-vlJL>-^bJ|[lLi(kl; Ibi? laf^r or Iriu* iipcr- 
tares lire turTn^J ^tiimnta, Hiid opn into HohjjtL-*fnt lyu^'ImtiHc, Tlit ^uLk- 
vtaiioe of seruua niembrati&i underiieuth the endothelium U coiiipciwd of 
B n#tnork of tuinnfl^Iivj^ tiuiiiB cnnLnining a vnrinhU itTtinmit of Mtiit^ 
iLii<) pjor^tic flbrts. M here the m^tit^'iane in iMrh, tlii^ etdudcI ^ubsl^uci* 
(?onlmn4 ModKl-r^'iiw^b and hiuphatic^ the lyniphdHt^c \win\; &x&'eiMn^[y 
abunduiit. 

SprniK iripmIiriLn*»s tnrm closed wwh. one ]t\Ti of ^hich u Httanhed to the 
yinlU of Hie CftTJIy wLkh it lin«*r — thi: pariclid ]iort>oi», — whilst tht- other 
Is reflf^tleil over the Riirface of thp nr^Ati or or^fius I'uiiLaJiivd in rJit cav ity. 
uiil in immed thevificreral i>orliiHi of the membraTw. Iti thin tfay the visuer* 
atv not cToiiraiiifd wifEiin tbp hilc. hut are really plactd uulf^ide uf it* mtd 
fionie of tli4> <rr>fjiii^ n^iiv i«ci>ivu a eoinplete, while olliers reeeivo only » [^ar- 
liml or ncaiily iiivpntinent, 

111 pu>34iiL^ from mne part to ^Tinther the membrane frequently tomu 
foM)» viw of Bliich Qn? dejiignated by sptcial itaiiHS, nich as the JO^aeii- 
lury, nie*«>-pr>loii, and ornt'iitiiin- 

Tbe chief »roiiH ni'^mbmiifs Are the perltoneunii Ehi? lari^at of ait, lining 
thf r'Ariry of ihv iilxlnuj'^n : rhi> T.no pleUTS. Lining the dii^nt mid CDFKririg 
th« l(iiig#; the pericardiam, covering the hp|»rt> 
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The peritoneum in the feniaLe is an exception to the rule that serous 
membranea are perfectly closed sacs, as it has two openinge by which the 
FallopiHii tubes cojumunicate with its cavity. 

U'he inner surface of a perouH niembraiie is free, smooth, and poliahed ; 
the inner surface of one i>art is applied to the cori^eponding inner surface 
of Home other part, a very small quantity of fluid only being interposed 
between the surfaces^ The organs situated in a cavity lined by a seroua 
membrane^ being themselves also covered by it, cao thus glide easily against 
its walls or upon each other, their motions being rendered smoother by the 
lubricating fluid. 
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THE VASCULAR SYSTEM CONTINUED t ARTERIAL DISTRIBUTION 
AND VKNOCS HKTURN, 

The arteriei- — The arteries, which ctirry and regulate the 
supply oC bluoil from thf> beiirt to Um e^iiilUrit^a, are OUtributed 
throughout the Ujdy in a Ky,st«matic mftiiuer, m\d before tJtking 
up thi; clmiliitioji wti itiu^l, Iry tu g^iiri n gt'nei'nl idea of thin 
flj'stcm oi distiibution, in oi'der thftt we ma}' be able to localo 
the pofiiLioii of theae iniportuiiL yeaaelft. The iirLeiieA uHuallj 
occupy protected aituiitionfl, that they mny be exposed tvi little 
aa possible to nccideiital iiijiiiy. Aa they proceed in their 
course they divide inti> brftncliea, the division taking place in 
diffei-eot waya. An artery may at once re^^olve itself iiUo two 
or more bmnoheB, no one of which greatly oxeeeds the reat in 
t^ize; or it laxy give off severed bmiK^lies in miceobf^ion, und still 
mrdntaiiL ita cliaracter aa rt trunk. An arterj. after a branch 
bu gone off from it, 19 smaller than before, but usually con- 
tinues uniform in dijinieier until the next secession, A hi-anch 
of an artery is less in diameter than the trunk from which it 
springs, but the collective capacity of all the branches into 
which an artery divides is greater than the parent veKseh Since 
the area of the arterial HysLtrm iiicreasas as itA vessels divide, it 
h* evident that the collective capacity of the Ainaller ver«:H;l3 
and eapillaiier* must be greater thnn the collective capacity of 
tlie trunks from winch tbcy ari^e. As the eumc rule applies to 
the vcine, it follows that the arterial and venous syeteiiis may 
bo roprcaculed, aa regards capacity* hy two blunt cones whoae 
apices are at tlie heart, and whose kusea are united in the cap- 
illiiry system. The effect of tlits arrangern<int of the circulatory 
veif&els is to make the blood dow more slowly as it pasi^es 
tlkn>Ligh the more widely distributed vessels, and to accelerate 
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its fipeerl in the iir^r ttiid leas Tuimerous truiike, just as a river 
floWfi nnn« ni[JjdU" tljiougli its n.irnjsv iwiil iletp t'hainiels, rtiid 
lingers iii those that nre broad and shallow- 

The arteries unite at frequent iTit4!rvaU when they are said to 
amistoinose iii- itioscuUte. Such iuosenlatious iulniit of free 
communicatitiii Ijetwean the unrrenU af Llie hltnnl, lend Ui pn>- 
niotti e*[iiiilUy of dislilixilinu and nf presaunr, and tri uhviiite 
the efTfCts of hiciil iiitfrruiilicfu. 

Aiteries coninnHily jmniue n loltiably straight course, but in 
some t>nrts of tlit body they iire tortuous. Tliev ofien Ix^^^onie 
markedly tortuou;^ in old persona ajA the nalld of the arteries 
iuercnse iji length and sho. 

In (ioscriliingp the distrihution of the arteries we shull iii^t 
conaider the artery arising' from the left ventricle of the hcurl, 
the aortEu and itt4 brariches- 

The aorta. — Tlie afiiti la ih? main trunk of the arlerial sye- 
teui. Springing from the left venlriete of the lieait, il archer 
over the root of the left lung, descends along the vertebral col- 
umn, and after piissing tlirough the diaphrn-gm into the abdomi- 
nal cavity. end« opjio^ite llje foiutli lumbar vertebm by dividing 
into the ngliL and left eomiuou iliac arteries. In thi^ eoursu 
the aorta forms ii. continuous single trunk, wlai^ih gmdu^dly 
diminishes in size fi-om it^ comnieueetnent to its termination 
(fnim 28 to 17 mm-), and gives off larger or smaller iMixnchea 
at viirious poinl7»> It maybe divided into the asccDdiag aorta> 
the rtliort part which is contained in the pericardium ; tlir aroh^ 
tlio part extending from the ascending aorta, and formiug a 
well-marked curve in front of the tmchua^ and around the root 
of the h'ft luiiL,' to the border of the fourth doi-sal vertebra; 
tlie defending thoraeic aortit, the compamtively i^tmight part 
eKtendiDg to the diaphi-agm; tho aMominal actta, below the 
dia[^h^ilg^n. The ascending aorta gives olf two small hrjuehes, 
iht^ right and left coroaary ili u-nes, whieh supply llie ^^uUst^Lnce 
of the heiu't with blood. The aroli given off three lai^^e trunks, 
rhi^ innomiDate, the left common carotid, and the left onbclavian 

Al-ttTV. 

The innominate artery amcH from tbe riglit upper aurfaee of 
the iiri:li, adecndtt obliquely tfjwartiii Ihe right, until, airiving (m 
a level with the upper nuu^iii of tjie clavicle, it divides into the 
right oonuuon carotid and right sabclavian art^rleu. Its uenal 
Jiwj/rth h fjora one to two inches- 
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ilie left common oarotid niises from the miiUlle of tlie upper 
surface ot dio iiTi.:]i oi Urn njrtit, and the left anbolaTian ^sea 
from U»o loft o|i]>or suifiwe oX the au)h. 



is 



w 



t<l 



ftii^. Tl, T?- — TuK AojtTA, Affrom hofon; B, frt^m ln^liiiifl, u-lTh iKi-iirk|Clii ol Lt« 
frrlm^ll^l tiFikru'fiAi f R- Qiizilii.1 l.^> :i^'viidiii|4 aortii; 'J, '^ un'h i^T kutrrn - 4, lufitiiiil' 
nitltfarlffy; ri,kfli>irnlM-, 11, li^ft <iii(--[[ivUii ; 7,7,7. Jiili>r4'<uiTk| and liiiulinruric-Hrii: 
H, K, hvial iricrlni: <i, 11, roTiLtnvii lllu' Arii?rlfAL W. mMiUDJuunl ariTini ; |], a»^of 
the phrvniriiJlfrii^S: -. lojliac ail*, l3,gR*trlr; |:l. hi'piitlr; 14, tplnntu dripryr Ifl. 
■nperlcr mcwnirric : 10. tnfm'jr nie^'utcrk', }', IT. eprrniiiik "r nvnriiiii nri'Tlti 
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The common oaxotid arteridi. — As the left commoD oarolid 

arises frciiu the muiillu of Urn upper surface of the arch of the 
aorta, while the ri^bt common curotid arises at the division of 
the innominate, the Isft carotid is an inch or two longer thjin 
thti riglkt- Tliey asceud obliquely on either side of the ueck 




Fio. 13, — TttJt CARtrriD, 5('"dci-ama>. \mj Axillary artkhieh. 1, riiEODnoi] 
i^nrulM iirliTn , '2. iinrr\hi\ I'nmlM; ^1 uml 14, T-xlerual ^^umLliI , is, t-.nln] jittery; Z£, 
Aubclnvj&n artery ; ^H, axilbry Drtctrj ; Al, L-iriiimi^i^i'tiEiefit it bEuihW at[tr>'- 



uutil, Oil A level with the uj>|>Br border of the thyroid cartilage, 
** Adani'a apple," they divide into two great branehea, of which 
one, the eitfirnal aarotid. is (Ustnbuteil to tlie aupevlkial parts of 
bliti liead mn] fai^e, iitid the other, the iatoraal [lariitidf to the 
brain aud eye. At the root of the ueck the common c^arotids 
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are separated from ench other by only a narrow interval, corre- 

apondiog with the width of the trachea; but aa they ascend 

they aro separated by a much 

larger interviil, eorresponding with 

the breadth of the lai^iiK and 

pharynx. 

The external carotid has eight 
LrandieH, which are distributed 
to the throsit, tfTiigue, face, and 
walls of tlie cmniitm- 

The cliLef bi^ntihes of the in- 
ternal carotid are the ophthalmic 
and cerebral artonea. A remjvik- 
able anaatomosift exists Iwlween 
the cerebral arteries ut the Iwiae of 
the brain. Tlie arteries are joiuod 
in such a manner oh to form a 
complete circle, ami this uiiaeto- 
mosis, known as the ** circle of 
Willis," both equalizes the cLrcula* 
tion of the blood in the biiiin, and 
also provides, in case nf destniction 
of otte of the arteries, for the Lluod 
renohittg tlie bmin tlirotigh the 
otlier A'esr^els. 

The BubcUvian uteriea. — The 
right Bul>clavLan anaea at the 
division of the imiominate, and 
the left euljclavlaii from the anh 
of the aorta. The aubclas-ijUL 
arteries are the first portiorjs of a 
long trunk whioJi forma the main 
artery of the upper limKand whieh 
Is nHifitially divided fcr purposes 
of 




description uito three |wirts ; or thh AuTcnrK? or m* abm. 



vu. the mbcUvian. axiUary. and F"«a«». am; EIa^d. J. i-k^'«i« 
brachtal artprjt^a. I h>^ finMiivmii an-ryiiJ.d^f-pi^ihiHirap'bi a, uIum 
virteiy piiHues a ftlniH way up the '"^*'7- 

thorax into the neek, and then turns downwards to rest on the 
firat rib. At the outer border of the first rib it ceases to be called 
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Bul^lavian, iincl is contitiued iLa the axillary. It f^i^es off liirpfc 
branches to the back, cUeat, &iid neck. 

The ftiiUary ait^ery passes throujjh the axilla, lying to the 
innei' stilt* of [,1m sbouUlt-r joint »Tid iippar jjart of tlie HYiu. It 
gives oiT braiit^lieH to [^best, shoulder, fi^id arm. 

The brsxihial Briery extends from the axilUry space to just 
below liie bend of the elbow, where it divides iiilo the tUnar and 
ladial iirLeriea. It may \k rciulily located, lying iu, the deprea- 
aion along the inner border of the bice|>a muscle. I'l'e^isure 
made at this point oh tho artery, from l>efoie Imckwards i^ainat 
the hunorus, will control the blood aup|ily to the arm. 

Tha ulnar artery, the larger of the two veaseln into which tlie 
brncbiid divides, extends rtloitg the side of the forearm into 
thu pdiik (tf the hand, wliero it terminates in the mperficial 
palmar arch. 

The r&dial Jirlery apj>ears, by its direction, to be h cmitinna- 
tioi] of ibe biTichiaUiLUhough it docs uut equul the ulitar in size^ 
It extends along the front of the foreann as far as the lower 
end of the rQiIius. Itelow whinh it turns round the outer I>order 
of the wiist, descentls between the bones of the tUmnb and fore- 
iinger, and pusses forward into the palm of the hand. It ter- 
minates in the deep palmar arcL The superticial aud deep 
palmar arches supply tlie hand with blood. 

The thoraoio aorta extuiids from the lower border of the fourth 
dorsal vertebra, on the left flido, to the opening in the diaphragm 
below the last doraal vertebra, and has a length of from seven 
to eight injiies. The branches, derived from the thoracic aorta, 
are numennis, but srnrill. They are distributed to tlie walls of 
the thoHLx, imd to the viscera contained within iL 

Thft abdoniiuftl aiirta commences fil«nit ihe lower ln.mlet tit the 
Irtst dorsal vtrtebi-a, and termifiates below by dividiijg into the 
two common iliac arteries. Thu bifiireatiitii nsnidly takes place 
about half-way down tlie body of the fourth luml.iar vertebi-ai 
which correaponds to a apot on the front of the abdomen, 
slightly below and to the left of the umbLlicus. Its length i& 
about five inches. 

The abdouiinal aorta gives off numerous branches, which may 
be diviJed into two t;et« ; viz, those which supply the viscera, 
and those which are distributed to the walls of the abclomen. 
The former conaista of the c<DUac axii, the superior mesenterie. 
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tfie infenoT mesenteriG. the iapra-rBDal, thi? renal, and llie sper- 
matic or orarl&u arl^riea^ wliiia in tite littler a^ri; iiiduileil iLe 

pliremc, the lumbar, auU ibe 
middle »acial arltiios. 

The cteliac iirttiry. or axis, 
isftsliorU wiile veaael, usuallj 
not more than ht\\t an iii<;h iii 
length, which ariaee fi-om tLe 
front of the aorta, cloao to the 
oponmgin tho diaphra^i. U 
divides into three branches; 
viz. the ffutrio, which supplies 
the stomach ; the hepatio, 
which KuppHea the liver; and 
the splenic, which supplies the 
spleen, and in paH tlie ritom- 
atih and pancreas. 

The Buperioi mesenttinc ar- 
tery arises from the fore part 
of the aorta, a little below 
the co^liac aua. It Bupplica 
the whole of the nmoM mtsa- 
tine beyond the firat [jortion 
(the duodoiium) close to the 
Btomaoh, and half of the large 
intestino. 

The inferior meientarlc ar- 
ter}" arises from the froat of 
the anita, a^Kiiit an inoh aTid 
a half alktwa its hiftirt'^ation, 
and iiU]>plieB the lower half 
of tlitj I^'ge inlcatiue. Con- 
tinued under the name of the 
superior hemorrhoidal nrlcry. 
Fro. Tfi.— Ilia*- AHu Foiuhau Aktbhib*. it alflo HUi^pliea the rcctuui. 
i*ajQnU orterj, Tlie renal arteries are of 

large sizt?. in proportion to 
the bulk of the organs whi<:h they supply. Tliey arise from the 
sides of the aorttL about hidf an iueh below the superior mesen- 
teiic arteij, that of Uie ri^ht aide btiing generally a little lower 
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down than that of the left. Each is diroctod cutwartU, an ae to 
form nearly ii right iingle with tbo aoitii. Befure reaching tjje 
kidney^ wiitih arUirj divides inU* four or 6ve brniichtis. 

The OTwian arteries, iiorrasponding to the flpt-rmatic arteries in 
the lojilt, arise cloae UjgKi,her from tho front of the iiorta, a little 
below the rciml arterie*. They supply the ovaries, nnd, joined 
U> the uterine Eirtery, — & braiieh 
of the mtemal iliac, — also a&8iHL 
in supplying the oterus. During 
preg nancy the ovarian firteiiea 
become couBJderably enlarged. 

The CDDunoii iliac ixrti^riea, com- 
munting ut iJie bifiiruatiou of the 
aorta., paaa downwnriU and out- 
wai^b for kIjomi two inches, aud 
then divide into the internal aitd 
extenud iliac arteries. 

Tlie Lntcmal iliac artery fhvpo- 
gaHlric) Hiipplie^ bniucties to the 
walla and vtHcera of the j>elvls. 

The external iliac nri^^ry Forms 
a large continuous trunk, which 
extends downwards in the lower 
limb to just 1>elow the knee: it 
IS named in sucecasivo |>nrts of ita 
course exteraal iliac, fomoral^ and 
popliteal. Tho cxtcrntU tU^ic ia 
pWi^d within the alHJomen, and 
extends from the hifurc^ition cif the 
common iliac to the lower border of 
Pcm|Hirt*s ligament., where it enters 
the tbigli aikd i» named feimiriih Fiu- Tu, — Vww or TorLiruu, 

The fomoral artery hes in tlio g^,t^^».„„.i.-, , 7. i.^piiuai .riarj. 
upper tbree-rourthH of the tbigh. 

ita limit* being marked above by PoupKl's Hgamcnt* and below 
by the opening in the great a<lductor lunaele, after passing 
through which the artery receives tlie name of popliteal. In 
ihe first part of tts coureo Ibc artery lios along the middle of 
tbe depn^asion on the inner aspect of the thigh, known as 
Scarpa's triangle. In this nituntion the beating of the artery 
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itiiiy be felU and the cJrcuUtion through the vessel may be raost 
e&tiily controlled by pieseure- 

Thc popliteal ai-tery, 
enntiinioLH with tht? fem- 
onihirtpltn'od atlbclriick 
of tike knee; just below 
the knee jcihil ii. lUvides 
inti* till.' anterior uod 
poBlerior tibial ;iH.eries. 

Tin- posterior tibial ur- 
Lery Sit^H iiEtujg ilm Imt^k 

of UlE^ If?^. mid eXt4;^IL<L4 

from tbi; bifurt^tion of 
tYiG {lopllteEd to the 
ajjklc, where it divides 
inut the internal and 
oxt;«rnikl plantar urUM-iea. 

About Lui inoii below 
tbo bifureiition of tho 
popliteal, the posterior 
tiblMl gives off a lai-ge 
bmnob., thu peraneal ar- 
tery. 

Tlie anterior tibial lu- 
tery, the Hnmller of tbe 
two divLsiniis of the 
pnjiUtcal Lnuik* extends 
iiloiig ttie front of the 
leg to tlie bend of the 
niiklc, whence it is pro- 
longed into the foot 
umter tins nnnie of tho 
diHSJil iirteiy. This 
Fio-n.-HKi-r vtfcw OF uniti*^ with tho external 
THKAHTK^tTHBuPTiii^iiAfK .^„^( iiitetnal uUntiii" «N 

.ri.ry, «, divinio^ of |«f. t^rie« to foini the pUn- ^^^^^,^^ ^^^^^ 

l.U,nl nl.;nitlMrw ..nd jk^h- ^^^ ^^ ^^^j^j^ supplies dor«il ftrt.>ty, 
Mrior LIbLaL; 9, perDDniJ- blooJ Lo the ftXlt-^ 

' (^ulllnlnt! the aorUi and its lirsinchps ns an nrtflriil tree will prently^ niii liie 
iiUifl^nl in iiiMterinK tlit jurtmnl (Hr-irilnUl-ii. Alai) ccfloamif tbe littptk* ml in 
Jlffasva vFouidaerve lo mako Ujt^ir piuiibit cicjvcur and Euore biuil; remembered. 
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VenooH return. — The Arteries begin as large trunks, which 
graduivllj become fsmallci- and smaller until tliey end in the 
smiill capilliiry tubes, while the vchw begin na sirall hmnfhcB 
which at lirat iire scarcely diatiiignisliEible from the unpilhiries, 
The«e sninU bmnche^, i^ceiving the blood horn the iiiipillaries 
throughout ihu budy, unite to form 
hwgor vesacU, nnd end at iMt by 
pouring Uieir cr>titenU into the 
right auricle of the heart ihrough 
two lar^ trunks, tbe fiap«rior vena 
cava and the iuft^rior venii cuva. 
The veins, however, wbk'h bring 
biiek ill** blood frnni the stoniHrh, 
iJiU-slhies, spleen, and iieiij<;rea8, 
do not bihe Llie blood directly tc 
the heart, but first join to form 
a large trnuk, - — the j>oi-tal vein, 
— and carry Ihiw blood tt> the 
liver. Whon the portnl vein entc^rs 
the Uver, it breaks up into cap- 
illaneH, whiub, after bran<^hijig 
throughout the liver ^tub^tance, 
iiuite to form th<* hepitiic veins: 
bu them ihi! blo<xl is conveyed 
inio (he infiiM-ior vena cuvn. This 
coMMtitutes wljat is i^:t]1fd lIlc 
jirirLiil rin^nlAtiuzi, and is the oiih 
esaniple in tlic Ijotly of a veiu 
bi-ujtking up into capillaries. 

The veins conaiwt of a supej-' 
liciul and a deip set, the former 
running immediately benciith the 
Akin and heni'e named subcnta- 
neouij, the liitter usually accom- 
[janying the arteries and named 
Vfnir. r/inUff8, These two seta of veins have vtry frequent com- 
iinmieutions with eat^h other, and the Hna^toniost:!* of veins 
are always more numerous than those of arteriea. 

The syatemic veini — llisit is, all the veins of the Imdy with 
die exctptiiin«»hlje jjnimnnary and [lorlal veins — are naturally 
divided into two grouf>s. 




A, nuterlor tibial artery ^ ri, 7. St 
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T, Those from which the blood is carried to the heftrt bj- the 
superior vena cava* viz, the veins of the head ami neck and 

upper limlifl, together with those of 
the spine and a part of the w^Uls of 
the thom?c and abdomen. In this 
group we may include the veins of 
the heart, which^ however, pass directly 
into the right auricle without entering 
the superior vena cava. 

II. ThtJHe fi'om whiuh tlie blood is 
cai'iied to the liearL by tha inferior vena 
cava; viz. the veins of the lower liiiibo, 
tbe lower part of the trunk, and the 
abdonnnal viscera. 

1. The blood returning from the 
head and neck fiowa on each aide into 
two principal vein^ the external and 
internal jugular. 

The exteraal jupUar commences near 
the angle of the jaw by the union of 
two smaller veins, and descends alraoet 
venically in the neck to iu tenninatioD 
in the rabclavian vein, 

TUe internal jugular, receiving the 
blood fnjm the uranijil raviLy, descends 
the neck flose to the outer side of the 
internal and Goranion carotid arteries* 
It unites at a riglit au^de with the 
subclavian to form the ionDminate veinJ 

The blood from the upper Uiub;* i* 
returned by a superficial and deep set 
of veinBH TLo eupcrhcial jtre much 
lai^er than the deep, and take a greater 




Pii>. 80.— Sketcti nv thr 

t, nnperir>f vtna unva: 5. In- 
feHikr vona oavn: -i. ripht iuIk 

4, left nutvlA^iftii nni] Siirinmi- 
BiLt« TC'ln4 : A. ri. r1|;lu nnil Ipft 

»zyiro§ vein: U>, Itift nzyuM 

M, 14, HcnU TdiuH. 



1 r^OTK OH VkHOUS ClHCn-ATIOTf OF THK 

Sunr.u — TbPi blnod from [1ih Hkiiii in wiumpd 
Irom Uie flmfcll<*r vtins lo iho in(pmnl jiiKulnr 
Tfiina by cJmJiiifla wlik'U aa' not KLrliiUy veiua, 
l^ut AltiUM^fl. Thefif fllnuHep arf. r\nu'fR left he- 
twevii thi7 I&jerE of thn dura mntEir, and nn- lined 
by a coiULnuation gf tliu liuhig uiQjiibrajit: \>i tho 
ye int. 



IM4P. UL] 



THE VASCULAK SYSTEM. 



105 



share in returning the blood, especially frcm the distal portion 
ot the limb. The deep veins accompany the arteries, and are 
called bj the same name*. Botlj 
seu are provided with valves, and 
termiiinie in the sabclaTion vein. 

The ljhx>d f[-uiTi tlie spine, walls 
nf thoruXi and alidomen ih cliieflj 
returned by the lig'ht a-m] left aiygoa 
veins, which are longiLudiniLl vtsrieb 
resting agaiiiat the tiiomcic portion 
m{ ihc spinal colnnni. They cnm- 
municate below with the inferior 
vena cavat and terminate al>ove iu the 
BUperior vena cava: they thus foini a 
suppl(;mentarYehaunelhy which Mood 
can be conveyed from the lower part 
of the body to the heart in case of 
ohbtiiietioik in the inferior venit cjlvh. 

The innominate veins, commenting 
on eaoh ^ido by the niiion of the Knlj- 
cltLvlan and iitteriial jugular, behind 
iliG inner end of tlie cliivi{.-le. triuisnnt 
the blood itturning from llie head 
and neck, the upper Umbs. nnd a 
fiart of the thoracic wall; tliey end 
below by uniting to form tlie superior 
vena cava. Both innominate vi'ins 
are joined by many aide tributaries : 
they also receive, at the junction of 
the subi'kvian and internal jugnlar, 
the lymph; on the loft nide from the 
tboraeie duct, and on the right from 
the rit^hl IvmphnJi'* dnrt. 

The wperior or deseeading vena cava 
10 formed by the union of the nght ^.^towmtCjTJiKMrrv.-i.vdn* 
and left innominate vpioh. It in alumt "f t»ip '«■* ^ -- i"ic«"J supt^puou* 
Uiree mches long, aud ojieris inti> Lhe 4, Buporiicifti voiii* uUhigJi, 
ri^ht auricle, opposite the tliird rib. 

The hlfifid from the lower limbs is also returned hy a super- 
ficial and deep a^i of vein^ Tbey ate more abundaJitiy supplied 
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with vnlves than thu vcina of the lippei' limbs, TLi? deep veins 
Beconi|nitiy the iirteriesH The two lur^^eat superficial veins are 
tLe internal or long sapheaoiia, iind tiie external <<i short saphenoui 
vein. Tliu internal saplienQUfl cxt<?]uls from the ankle u> within 
an inch and si halt of Fouj>:irt's ligament- It lle^^ iihm^ th» 
inner side of thi? h-g an-l thigh, Hiid b^iniitiate?^ in (lie femoral 
vein. The external saphenens arises fmiii tlid t^ole ai the fui»t, 
and, j;iissLiig up the hiit^k of tlie leg. euJ^ in liie deep po[}lit«?a1. 

iloUi dee[) ^J-ud MUj^erlii'iiil veins [mur their et^iiteiibs into die 
external iliac, Tlie Uood is returned from the pelvirt hy the 
internal iliac veins, which, uniting with the external iHae, form 
the two common iliac veins. Kxtending fiom th^ bfiae of the 
eacruni to the fourth lumbar vertebra, the two common iliacs 
unite to ftirm the inferior vena cava. 

Tho infoiior or atceading vena cava returns tlie blooJ from 
the lower limba, pelvic, mid uhdomen. It begins At the junction 
of the two eomiiioD iliaca, and thence nac-ends along the right 
aide of the aorta, perforates the diaphragm, and terminates by 
entering the right iiuriile ut the hesirt. Tlie itTferior vena cava 
receiver niiiii^' LritiuUiries. the L-hiuf itl \^'hieh jLre the lumt>ar, 
ovarian, renal, and hepatic veins. 

The pnlmonary artery. — The pulmonary artery conveys the 
dark blood iinni the right side of the licurt to the lungs. The 
main trunk is a short, wide vessel (diameter 3D mm.) whicli 
Ariaea from the right ventricle and runs for a distance of two 
inches backwards and upwards {ride tig, 63). Between the 
Mth and sixth dorsjtl vertebra, it divides into two bmnches, 
- — the I'ipjht and luft piilraonary arteries, — which pas* to the 
rinht anil left Inncfs. 

The pnlmoQflty veirK. — The pulmonary veins are four short 
trunks which convey the red hlood from the lungs t-* the left 
aide of the heart, and which are found— two on eaeh side — in 
the root of the cori-espondiug lung. The pulmonary veins have 
no vnlves. 
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PLAN OF ARTERIAL DISTRIBUTION. 
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The right and left azygoa Teina connected with the inferior vena cava 
below, and superior rena cava above, form a aupptementary cliannel. 

The veins from Btomttch, Hpleeiii pancreas, and intestiiies unite to fqmi 
tlie portal veiuT which breaks up iiiU> cftpillarics iu the liver, and is returned 
to the inferior vena cava by the hepatic veius. 



CHAPTER X- 

THE VASCULAft SYSTEM CONTIOTED: THR GENERAL CIRCULA- 
TION; THE PULSE AND ARTEItlAL rRESSUltEi VAHIATIOSS 
ly THE CAPILLARY riBCULATIOIf. 



The gcner&I clronlatioD of the blood, — At each beat of the 
befiri tlic coiitruction of the veiitriclvfi drives a. certain quantity 
of blood, pi'obiibly am o anting to four 
ouncea^ with great force into the 
AtirtA anil piilmnnaiy urt^-ry. The 
aorta delivers this supply of Mood 
from tht! left veiiU'iului, througli its 
bpEinches, to the capillaries in all 
\v\i\A of tlif? hody^ except the liing>i. 
In the capilUriea, the blood is i-obbed 
of oxygon and other constituents 
neceasary for the life and p^rowtb 
of the tisHues. us loaded with car- 
bonic acid and other waste matteifl. 
and id returned by the AU[»tjnoi' nnd 
inferior venw cavie to the right side 
of the heart. From the ri^ht aide 
of the heart, the blood is tonveyed 
by the pulmonary artery to the 
capillariea in the Inn^, where it 

ret-eive^ a fresh ^npi-ly of t>%yge.n fio, *a.^D,/.-.i,AM hf <:r«rr- 
and gives np the carljonic acid with i-atkjh- ^i, t^'-rta; p. pxiiTn.-Hur}' 

whicli it liajs Iwcoine lomied duiing irii-i*,; /. /, ii.i«,iii,e*; Kliv^i 

ila circulation throudi the ItOily. \^^tu^^^\\x^^^^\^.%i^^ir^ryi^t^-^x,^ 
Thus a double circulation Ifl con- Impntli rdrui , ^l p.>rlal >dii; T, n, 

00, the arter^^ from the left side of toiiu. 
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the heart sending the pure oxyfjeniUed blrtod to the fferjeral 
Byat<:»ii, and the artery from th^ right aid<? of the heurt sonding 
the irajmre bhxid to the lungs for pui-ificvilion. The more ex- 
tenaive vrirciilrttioii i» uwunllj rnlled the geneml or systemic 
cii-e Illation, while the letter tirculjttiou i^ generally known ds 
tbfi |iiilinotiary. 

Borne features of the artori&I ciTcnlatioo. — The flow uf hWd 
iuLo Lhf rtiteiies i^ iiurat disUnolly itjtermlttcnt i auddeu, ri]>id 
diachargea nlternfttmg with reUtively long iiitervula Juiiiig 
wliicli the aii^nea receive no hlood fmm tlie hcHrt. Every 
time the henrt beats juat tw much bloi^d tiows from tJie veina 
into the riglit iiuricla m osoiipes from tho left ventrieLe into the 
aorta, but this intlow is muc^h elnwer and takes a longer time 
thiin thi? diseUarge from the ventiiolefi. 

The pnlM- — When the finger is placed on an artery a sense 
of resLsUnce is felt, and this resistauue seems to be increased at 
intervals, iioiTes[>onding tr* the heait-beat, the artery at each 
heartrbeat being felt to rise up or expand mnler the finger. 
This (^miftlitutes the puUe ; ain\, in I'ertain arU^nes which lie 
near the aurfcLce, tliis pulse may be Heen with tlie eye. When 
the finger h placed on a vein very little resistance is felt; and. 
under ordinarj' circumstances, no pulse can be perceived by the 
touch or by the eye- 

Aa each expansion of an artery la produced by a, contraction 
of the heart, the pulae, ivt felt in any supertioial artery, ih a 
convenient guide for ascertaining tlio character of the heart's 
Mtion. The radial ar[**ry at the wrist, owing to ii^ aceessible 
situation, is usually employed for this purpose. Any variation 
in the fi'eqiieney, force, or regularity of the heart's action U 
indicated by a correHjiotiding lULidilLeaLion of the pulse at 
the wrist. 

The avemge frequency of tlie pulse in man U Heventy^bwo 
btfuLa per minute- This rate UKiv be increased by muscular 
action. Even the variation of muscular effort entailed between 
the iit«ndiag, sitting, and i-ecumbent iwsitions will make & 
difference in the frequency of the pulac of from eight to ten 
beats per minute* Age ha^ a marked influence in the same 
direction. According to Carpenter, the pulse of the fLetus is 
about 140, and that of the newly Ixirn infant 130. During the 
first, aeconi and third years, it gradually falls to ICO; by the 
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fourteenth year to 80; and is reduced to the ndult standard by 
the twenty-firet year- At every afje, mental estritymtnt miiv 
produce a temporary acceleration, varying in du^i-oe with the 
]M< I- Hilarities of the individual. 

As a rnte, the rapidity of the heart's action is in inverse ratio 
tr» lis force. A shiw pnlse, within jiiiysi<»h*gi<ial liriiit-i, ts 
i]?in»lly a Htrong one, and a rapid pub^e udinpanitivitly feeble^ 
Tlie swrnt! is imp in diHliulianri; iif thf ln'jirt s actifm iu diM-as*? ; 
the puUe in ft^vcr, or ether dehililaLing aftccliuiis, beL^umiug 
weaker as it grows more rapid. 

Arterial tension. —- Wlicn an artery ia severed, the flow of 
bk'od lv\tm tiic proximal end (that on the heiirt aide) comes in 
jet*4 corrcGponding to the heaj-t-beaUi though the flow does not 
oeiwo between the l«jats. The larger the artery, and tho nearer 
to the hearty the greater the force with which the blood Ujsueii, 
and the more marked the intennittence of the flow. 

When ft corresponding vein is severed, the flnw of hlood, 
which iM chiefly from the distill end ^Uiiit nway fiiim the heart)* 
is not inter miltent, hut continuous; the blood comes out with 
ooinpamii ^ely little foree, and ^''welltt up/^ rather than '''spurts 
out." 

The contJUHous. uninterrupted flow of blood in the veins la 
caused by the elasticity of the arterial wnUa. On account of the 
smnll fliEC of the capillariea and small arteries the blood mceta with 
u great deal of reabtance in paaaing through ihcm; and, in conse- 
quenee.thebloodoonnotgetthrough the cftpillarics into the veins 
8o rapidly eis it is thrown into the arteries by the heart. Tho 
whole arterial sy^temT therefore, becomes over-die tended with 
blood, and the greater the resiAtance, the greater the pressure 
on, and distension of, the arterial walls. The following ilius- 
tmtion will explain how the elasticity of the arteries enables 
them to deliver the hloiKl iTt a titeady flow to the veins through 
the cApIlluries, 

If A syringe lie fastened to one end of a long piece of elastic 
tubing, and water be pumped through the tubing, it will flow 
from the far end in jerks. But if wo stuff a pjece of sponge 
inUi tills end of the trihing. or ofTcr in iiny way rcsisUnce to 
Ihc outflow of tlie water, the tubing will distend, its elasticity 
he brought into play, and the water dow from the end not in 
jerhfi, but iu a stre!tm« which is more and nwtm ooropletely con- 
tiouoaa the longer and more elastic the tubing. 
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Substitute for the syringe the heart, for the sponge the cap- 
illurieij and amM arteries, £or the tubing the whole arterial ays- 
tetn, and we have exiLctly the £ame result in the living body. 
TUmtigh tlie action of the elastic arterijil walls the separate jeta 
fnjni the lieart are blenUed into one continuous stream. The 
whole foree of eAefa coiitra^tinn of the heart ih not at once 
spent Iti driving a quantity of hlood out of the i-^pill^LrieH ^ a 
|>art ouly hi thu^ 8|ient, tliti rest goes to dtstreud the elastic 
arteries. But during the interval between that beat and the 
nest the dJatcnded fti-teriea aro narrowing again, by virtue of 
their cliutieityt and so are pressing the blood on in a steady 
stream into the capillanes with aa much force as they were 
thenif^elvtis distended by the ooniraction of the heart- 

The degree of tension to which the arterial wulla are sub' 
jeeted depends upon t)ie forc€ of the heart-beat> (vnd upon the 
resistance offered by the smtiller arteries, the normal general 
blond pressure being mainly regulatt:d by the "tone" of tba 
minute arteries. 

Variations in the capillary circulation. — Mrist of the changes 
ill the capillary ciieulution are likewise dependent upon the 
condition of the sinjiUer arteries. Wlien under certain nervous 
influences they contnicU the blood supply to the cajiillaries is 
greatly lessened ; when, on the other hand, they dilate, the 
blotjd aupply Li greatly increiised. TJio phenfiniena produced 
by these local variations in tlio blood supply of certain parts are 
very familiar to us ; the redness of skin produced by an irritat- 
ing application, the blushing or paling of the face from Tnental 
einotion. the increased flow of blood to the niuoous membranes 
during digestion, being all instances of this kind. 

Biit tlie condition of tite capillary walls themselves alao 
exerts an influunee upon the capillary elrculiitlon. If aome 
transparent tissue, preferably the web of a fiog's foot, be watched 
under the microscope* it will be obseived that in the small 
capillaries the corpuscles are pressed through the chaunel ia 
single file, each corpuscle as it passes occupying; the whole bore 
of the capillary. In the larger capillaries and smaller iirteriea 
and veins the red corpuscles run in the middle of the channel, 
fornjing a coloured core, between which and the sides of the 
vessels is a colourless layer containing no red corpuscles, and 
called the "peripheral aone." In the peripheral zone are fre- 
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quently seen white corpuscles, Bometimea elingiDg to the walls 
of the vessel, sonietlniea rolling- slowly along, Acid in general 
moving in-pguliirly, stopping awhile, and then suddenly moving 
on i^aiQ- 

TtiebU a.re the pLunoinena of the nornml (.'irculation, hut li 
ilifTerent hUite of things ?itli hi when the i^nndition of the hlood- 
ve!4seU irt idtered ill iiitiiiiimiaticjn.' If m\ Irritftnt, HUL-h an a 
drop of chloroform, he applied to the portion of ti-ansimieiit- 
tiajfuc under observuti^n* the fi>llowing changea may be Hcen to 
occur: tlie art<^ues dilute, the blood flowa in greater quiiJitity 
and witli more rapidity, the capilluiieii beeonic filled with uor- 
puauleti, atid the veitia npptap cidivrgcd and fulL Thia condition 
of distension may pii*4s away, nud tho blood-vesaeb return to 
their normal state, the vffuet uf the irritant having mertfly pro- 
duced 1 tempoiary redneiiiK. 

The irritant, hfnvever. usually produces a more decided 
change. The white coi'puaeles begin Id gnihiT in the periph- 
ctraL zoMCH, aiut tVis tak^a phive though the veuaeU still 
remain dilated and the fitream of hlood htill ennliiiues rapid, 
though nut eo rapid ns nt tiist. Each white curpui^c^li; exhihjts 
a tendency to stick to the Hides of the veuela, and, driven away 
from the arteries by the stronger aitt^rial current, l»ecomea 
lodged in the veins. Since white corpuscles ai-e continually 

living on the ecene. the inner surface of the vuia» and cap* 
lariuf* Hoon beoonie lined with a lay^jr of thet^e culls. Now, 
though the vesai-da atiU remain dilated, the ett-eani of blood 
begins to elaokon, and the white porpuseles lying in contact 
with the vr:\\U of the vusstk are sftn to ihrust themselvea. 
through th** distended walls iiiio the lynijih *i|wieeH outijidc-' 
Thi* migration of the white eells la aeeomplished by means of 
tht^ir anupboid r]l1^vcuK»^lt^. They thru.st ehmgaled pro:?eaaea 
thnjugh the wall<t« and then., ad tlie>e precf^saes int;t'easf? in sizef,; 
the body of the eell fiaH-se^ through into the enlarged proca 
btyond. the perf^^ration a[)pLMriN^r Ut take pbu^e in the rrinent 
aoTjntiLnee lietween the pavement ej«thelial celLi forming the 
Walld of the vtaacb*. Through this migration, the lymph 
apncetf around the veaacla in ihv inflamed area become crowded 

■ Tike fnll-iwin? ni-conni >! the dianifeA iHTL^mriiiic lu InHatiuunLlun i1ik4 noi 
■irlt-tl)' IwLiiig lo X t*'iti-ti.M>k on phy*i<>lo|cy, but t huve ^pututwl Ili hiUMUiJ-?* Hj 
M «ip«uUUly laitirmdiig to QUftet, oat of " Fftili^r'fl Ptiyaii>li:)tf;r'** 
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■with white corpusuloB. At the efime time the lymph not anlj 
iiiotcasc's ill aniuuiitn but chitnges tioiiiewh^t in iUi (^LeiiiJcal 
cbai'Ltctei's ; it bucuiueti more dir^ttiictly and j'eitdily uoiigiiUbLe, 
and is Hornvtitncs spoken of nn " exudjition fluid." This (^hunge 
of tlie lymph wiili ihe inei'eased tjQiinTlty, t[")g«thBr with tlie 
dihUfd crowded condition of the blood- vessels^ gives riiw to the 
swelling whii^h is one of the feiitiii'es of iiitlamniikiioii. 

If tht^ iiiflninmaLiozi now |iJi>ises away, the white eorpnsclea 
ceofie tu emi^^iLte, i^n&e to istick so btt^aildy to tht; ^idus of the 
Ye^ela. the sti^^m of blood quickens Again* the vessels leguiii 
their tjidinary o:tlibre, and ft noiiiml cirunbition Ia re-estrtblished. 
But thia inflivtuniatory condition* inateiid of prkaaing off, nmy go 
on to n further Blage ; and, if this is the cnse, mot^ nnd more 
white corfjusclps, unestcd in their passage, urowd and block the 
channels, so iliiit. though the ves^^^ls remain diluted, the titi'e^m. 
beaomeg slower and Blower, until At laut it Rt(i|>s ultogeE-her, and 
stiffnation or " stasis " sets in. The red coqtnsc^les, in this con- 
dition of things, are driven in among the while eorpusules, the 
vessels ni-e filled and ciistended wilh a mingleil mass of red and 
wbittf corjuisi'les. Mud it nmy now be observed thjit thr^ red I'or- 
pusi.der4 uLso begin lo Hnd tbt^k way tliiough the illstf:nded und 
altered whIU of the caiiillariea into the lymph wpaues ontrtide. 
This is called the diopcdenis of the red eoipnscles. 

This stiiignivtion at^ge of Intiammtition may be the beginning 
of fiutbcr nn5{;lu(;f and of death to tlie inliaraed tissue, bi]t it, 
too, inity, like Ihe earlier fltiges, ptujs away. 

General nmmu'y of the oironlation. — The perfect circulation 
of Miti blood is depeiuitnt iipofi certain faetora, the ohief of 
wliicb are: (1) the ehuraet^r of the heart-beat; (2) the con- 
traction and relaEation of the minute arteries; f3) the elas- 
ticity and extensibility of the arltrial walla; (4) the perfect 
adjnstmeiit of llie vsilves. 

The ehanii^ter of the lieart-Irat is mainly deb^rminetl bv the 
oanditrion of its miwciilar sulwtance, and jiny inlerfenjiice with 
the nutrition of the licitrt leading to degeneraLiou of its mu^ 
cular walls very seriously nfffcts the heuvt's aubion. 

Tlic contntctioD and relaxation of the smaller arteries ia 
under the inflnence of the nervous system, the particular fibrea 
distributed to tliem heint; known iis the vaao-mi)tor ncrvca. 
The widening and narrowijjg oi ihcdo arteries not only affet-ts 
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tbe locEtl circulHtion in diffBrent parts of the body, but the 
amouDt of resistaui^B they oppivie 1<> the arterial iiiipulae alao 
iuflueiicefi ill tiimie dt-gret^ Un; t1iar!i{",tHr of the hpart-l«?at. 

Thff tliislieiLy diid uxtt^iiaibLhly of the iirLtirius change witli 
Ibe age o£ the individcaJ. As we grow older the arteml walla 
grow etiffer and moro rigid. And become leas woll adapted for 
tbe iincefLsing work Hiey are ciilled tipoti to perform- The 
valves also t^how signH of jige as yenrfl ndvaneUi aiLd even if not 
injured by diueiLF^, do not adjnst thetn^elvefi 6o perfectly ms in 
earlj' life. 

Still, the heart bas a mii-vellous facility for adjusting it«elf 
to changed conditions, and tbe cir<^u lotion of the blood mny 
go on for ye^r^ with the integrity of the vascular mechHiniam 
greatly impaired. 

FtKTAL CiROiTLATroN. — The jieLiLiliarilieH of the (fv.Uil ciicu- 
latioJK leaving d^tail^ aside, are — the direet i^ommunieation 
between ibe two auticleti of the benrt through an opening 
calltrd the fnrajiien ovale; the communication bet;veen tbe pnl- 
luonarv artery and descending portion of the arch ot the aorta 
by meftiirt of a tutie called the ductus artcnoaua; and the eom- 
muTiLoatJon between the placcnttt and the f<Etus by meana of 
tbe umbilical cord. 

The arterial blood for the nutrition of tho f(etue is earrted from 
tbe placenta along the umbilical cord by the umbilical vein. 
Entering tlie fcBtu« at the umbilicus the blood passes upwards 
to the liver and in eont'eyed into the inferior vena cavfi in two 
different ways. The larger quantity first enters tbe liver, and 
abme, or in conjnnclinn with the liloixl from tbe portal vein, 
rumifieH thn7Ligh the liver before entering tlie inferior venfi 
cava, by meanM of tbe hepatic veiriA, The smaller quantity of 
blood fiasfics directly from tlic umbilical vein into the inferior 
vena cava, by a tulie called the diKHuf* venoflUSn 

In the inferior vena cava the blood from tbe placenta 
becomea mixed with the blooii r-etuming from the lower ex- 
t4T?raitic8 of the fatua» It enters the right auricle and guided 
by a valve, tlio Eusiachian valve, pasaca through the fontmen 
OT&le into th© left aniiele. In the left auricle it unilea with a 
email quantity of hUr^ returned from the lungs by the pul- 
monary veins. From the left auricle the blood passes into the 
left ventricle, and is distributed by the aort* almost entireTy to 




Plats VI- — Pt-An ov Kiktal ['mrLit.ATrtiK. In thti plAo, Uld fl|nir«d Hrmwg r#p- 
rsHHUt Ihfl ktniL of liUol, lU welL ah Itii' illi-wtinn wblHi II Lak^ m Ihf vefHAln. Thnii, 
arferiHl Ukhid ix figured -. ,.: vi*LijiiJi blikid — ; iiilxAi tarlfirtAl 'AH'i ffeDOtu} 
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the upper extremities- Returned from tlie upper extremities 
hy Llie huiierior veua caTii the blood enters the riglil auricle 
attdi pjutAing over the Eusti\chian valve, descends into the right 
venLritlct find from the right ventricle Jnbo the pulraontLry 
artery. An the lungs in the fcetus rvre aolid, they require very 
littlo hiood, and tho ^i^at^r part of the blood pa^^es through 
the duttuB tkrtorii^us into the descending norta, where, mixing 
with the blood delivered to the aorta by the left ventriele, it 
descends to supply tl^e lower extremities of the f«»tus, the chief 
portion of this blood, however, being carried hack to the pla- 
centa by the two umbilit^iil nrtfrips. 

Frum ihiK de»(^ripliun uf the fi:elnl circnlationt it will ho 
see[i : — 

1. That the placenta Mervea the doubli? puiposc of a respi- 
raliiry and nutritive organ, receiving tho venous blood from 
the fcetUB, and returning it again charged with oxygen and 
uddittonal nutritive material. 

2- That the great*sr part of the blood tnvverses the liver 
before entering the inferior vena cava; henco the laiige aiae of 
this organ at biith. 

3^ That the blood from the placenta pafues almost directly 
into the oreh of the aorta, and in diRtributed by iu branches to 
the heml and upper extremities t hence the large a\%6 and 
perfect development of thme paita at birth. 

4. That the hlood in tJie dentsrnding aorta is chiefly derived 
from tlmt whu^h has ahvaiiy ctn;nlate(l in the upper extremitieh, 
and- mixed with only a uniall quantity from the left ventrirle, 
is distributed to the lower extremities: hence the small size and 
im|>erfcct development of these parts at birth. 



Development of blood-vesseli and corpasclei. — The blond-vFtwptH and 
red rcpqmwi-'s sin- formj^J very I'urW hi fh'' cnibryu. They Jire ck'vdopil in 
thai ]MirliLin uf tht pniiiitive liN<uc riiJI*-iJ Ihr mfscililurtt. Tlie celts nliidi 
afv to funn th'> v^hwIeh l^ei-orrie exUmded iiiUi proceau'« of vATvJUf^ JiMiL(1^h. 
which gtuw uul from Lh»" tflt^ iii two ur iiiun.' dirt'Ctlunji. Tliv itllii become 
niiil^il wiih oii« another, I" it.iior diivclly orliy [lift junrtinii *if tlipjr prcHx-Msi-n, 
mo lh»li ftn irregular nHwork ifl thus formed. MeanwLik the nHcli-i in Ihe 
CaII* miilliply, ufkd vaeli nuelpiifl Ri]rrriundi4 itHplf vith a nmeM Jininiiat of 
oi-N fm>LoftlA^m- The curpiiHchfi tniH fonii4-H ac<^iiirc a n>r|Jifih ptJaiiri jmil 
thn f>r<>topluJ<mir nttvurk in whii'h ihpy lie t>*>r(imeH }h}|]c>wpd ouL iiiln n 
Ryiit«ii> [kf l>rHitcliifr| <:fmiil'4 (rpiilikiiiin^ fluid, in wtiidh tha itud^nted I'nirrrjrt'd 
Dorpuihiltb lluuL Tliu |iruLopLiftauj|{^ naLlA uf L]il< vvmvIa tfraduAlIy uiuuigu 
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into the flattened celb which compoAe the wall of the capillaries, aod whJch 
fomi the lining rneinbrtuie of the arteries and veina. The remaiTiing coals 




FlO. S3. — laOLATKD Ca™.UHT NkTWOIK I^HMEtr BY THB JUWCTTON OF 
SEVERAL HaLLaWED-OITT CkLLB» AND irONTAIHIHO CuLuUKKD BLOOD-COR PUeC LKfl 

iH A Clear Fluid- p. p^ pointed cell-proceuas extending In dlfiferePt dlrectioos 
for utiLon urith QelghbourtDg capillkriflB. 



of the lai^er vessebi am developed later from other cella which apply tphem- 
Bfllvea to thd exterior of these tubes. 

The first white corpuscles do not appear in the vesseU *o early aa the 
coloured ones. They probably occur iii the begmning ae free celU and 
wander in from the outaide- 

I'he new vessels which form in the healing of wounds and in the reatorft- 
tion of lo.st parts are produced by a process which is easentially the same as 
above described. Blood-corpuscles, however, are not produced within tliem, 
and it ia stitl a matter of doubt as to where and how the red corpuscles 
originate after births The white corpuscles are undoubtedly produced to a 
large extent in the lymphatic glands and other lymphoid structures^ 



CHAPTER XI. 

VASCVLAR 8YSTKM CONCLUDED! LFMPHATIC VESSELS AND 
LYMI'JI. LYMPHATIC GLAKDS ANIJ BHUIES OF ALLIKD 
STKUt-TU HE, 



The lymph&tiH, — - In mldition to tho bltjod-\ca8ol8, which fonn 
it coiitiiiuoiis yoriea of tubes for tlie jiossj^ge of the blood, there 
U another eyiitem of vesseU in the body, which nriae in the 
different tissues, and pour their contents iiito the greiit veins 
near the hesm. Thi* fluid wliich the.se vessels cnntiun is ab- 
sorbed fi^om the ti^ues« and ia called^ from its transparent 
wateiy ap(jeaniiit;e, "l_vtii|]h" (lifiupha^ wateiO* while the ves- 
sels themselves iLre kiionu ma ly ]n]ihiiliu:s ur iLlMuiheuta. 

The aljr^nbeubs nuiy Iw divided into two setA: the larteaU* 
which nb^ioi^b tl^e milkdikc^ iluid, Ciilled chyle, from the intet^ 
tines iind \i\\\Ty it to the tboi-]h;:ir duct; imd the lymphatiGd 
pn^per^, which take up the lymph from ad pj^rts of Lbc body and 
return it to tlu) Uood through the thomoic and right lym- 
ph;aie duets. The.se two set^f of vessels^ however, are alike in 
atrueturei and wiU be eoustdered together under the general 
name of lynijibatios. 

The lytiiplmiies iire found in nearly all the tissues that are 
supplied with lilned, Tht; larger trunks usually accompany the 
decp-Heiiled hi ond- vessels, and the smaller vessels form networks 
111 ilII pHrts Lif the body whei« the exLeiiHtvely dJfitiibuLed And 
pe*n^nUive connective tissue ls found. 

The lymphidica have their origin in the connective tissue. 
They may \k sdd to bcfcin n« irregularly shsipod or tuhiiUr 
fl|>™*;cs in the ureolre, and are diatinguUhed frum the lymph 
6il>ace3 in the tiusnc outaidc by huing: lined WLth a single Inyer of 
flat, traimpttrvnt epilheloid irollrf haWiig ^ peculiar deiitnted out- 
lino, by means of which they are readily recognized. These 
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united lympli veaaeU form very irregular labynntlis, communi- 
cate freely with one niiotlier, itnd are nltogetlier wider than the 
blood capilUriea* Tliey form tlia link between the lymph in 




Fig, a4, — a Svali, Pniirtus or * LvhfiiatH' Flrjub- Mapilfled 110 illiun- 
■tMcea »( UiB cu[iti«ctlve tbieiLiv »buttlii£ liere Hikd tlierv A^iut the tympbaLica, 

the titisuuti outside of themselves and the regular lymphatic 
vesaels into which they open.^ 

In Gtruoture, the larger lymphatio vebsela closely rcs^emble 
the veins, except tliat their wiilla ai-e somewhat thinner antl 
more tmnspiirent, and are more a-bmidnntly aupj^Iied with 
valves. Tlif valve« are constructed and arranged in the same 
fafihioii iL4 tlinse of the veins, but follow one anotlier at aueh 
sltori intervals that, when distended* tliev give tlie veiisel a 
hea.di;il or joiiitafl a j^peii Eunice- They are Ui^ually wLintiiig in 
tlie enmller networks. The valves nllow the paasaga of mate- 
rial from the smaller lynipbatica t^ the veins, iind obstruct 
the flow of anything in the opposite direction. The lymphatics 
do not carry to the tissues. Their oRice is to cany nway from 
the tissues into the veins all the mat^rinl the tissuea do not need. 

' Tlic HcroiiB OBVitics mny b<.^ rtgnr'lpd m t Jtpanded l^'mpti apiiPf^a, ua Ihtj 
oppji by mriuiH of iLtt'lr hLiimutA IikLo Uib lyiuplmtu^, a-ud Llie Au-id which 
molflt«UB UieLr nnffao^H ift r^nlLy lymph and Dot torum. 
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The Ij- III p lift tics, liavin^ attained a certain Bine, J*> uot unite 
into larger and l.irgcr trunka, but continue of tUe saoits dLaiiieter 
until they finally enter two trunks or ducts through which 
their contents are poured into the veins. The lymph^lios fi^om 
Uie Hght iirm, and right side of the hystd, notk. And upper iwirt 
of the trunk, enter the right lympiiMtic ducU The vewseL* from 
thii j'est of tli« ijcjjy. including the lacteals from the inU^stiiien, 
eniar the thoRieic dncL As we have stilted elsewhere (fKigo 
105), thesR ductrt poitr their pontBOta iiit« llie blood at the 
junution of the internal jiignljir and subclavian A"eiii3- 

Tlie lymph, like the blood in the veins, is returned from the 
limba and viscera by a deep and by a superlicjal set of vossols. 
In their courae from origin to termination most of ihe lym- 
phatics pass through rtniall maHaca of tissue, called lyuiphatio 
glands, a rlescripliou of which will be given later on. 

The thoracio duct. — The thoracic duct, fi-om fifteen to eigh> 
teen inciiew long in the hUuU. extend* from the second lum- 
bal- vert^^bra to the root of the neck. It lita in front of the 
bodies of the vertebrje priulually inclining towards the left 
until, when on a level with ihe seventh cervi(*al vertebra, it 
turiw outward and arclie^ downwards and forwajxls to t^niinate 
in the angle formed by the junetion of the left internal jngnlar 
and sulx.'lavian veins, Tlie wi/.e is usually nonipared Uj ihat of 
a goose ijuill. It Is dilated below wheit it K'oeivea the lym- 
phatics from the lower liml:iH and the chyle from the lact«als. 
tl»e dilatation being known as the rt'i-i'f<'riihtTn i-/tt/li^ lecep- 
taclc of the chyle. The duct is provided with valvca, ftud iu 
othiji respects closely resembles the larger lymphatics in atruo- 
tui'C, It m often alternately contracted and enlarged at irregular 
intervals. 

The right lymphatLo duet is a short vessel usually from a quar- 
ter to half an iinh in length. Il i>ounii its contents into the 
bhHKl at the junetion of the right internal jugular and sub- 
□lavian veins. 

The lymph. — The lymph is blood minus certain constituents. 
Win.'n <'\Atninerl with the micriiscope, it is seen to cjUHist of a 
L^le^r lii]uid with eorjmscles Jloating in iL The liquid jiail 
resemble* the pla-sma of the blood in its compoaition, cxcoiJt 
tliat it contains relatively more water and less solids. It clots 
when removed from the body, though not so firmly aa tho 
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Hood, Tho lymph c^rpii^cltiE^^ iLsuaLly ciilled leuoooytes, agree 
in their charactore with the white oorpu6ck*a of the blood, 
They v:\iy in number in different [jart)^ b<?iiig nirne mimernua 
ill the lymph which has passed throuj^'h the lyinphatii; glands 
thnu ill that which entei's these bodies., thus indiifating the lym- 
plia'it gliLiiils as :i source of these corpusoJes, 

The uliyle in the WtBal^ during dlge^itloti ]m<i a whlie sispeut 
dependent aiion the falty [larlh-le* aljwurhed (nan the fimd. itJid 
HLii^ptriided in it like oil globult^^ in milk. After fjLsLiug Llie 
lacteals contain lyinpb whii'li differs very little from the lymph 
fouiid in the ordijiary lymphaticf>. 

The lymplk, Lraadly speaking, is blood minus its red corpuscles. 
The cliyle is lymph plua a very large quantity of inirvitely 
divideii fat. 

Movementa of the lympli- — The onward progress of the lymph 
fmm the tissues to the veins is lUHintained chietly by three 
things. (1) Tlie difference of the pressure upon the lymph in 
the tisfiuea, nnd the pressure in the large veins of the neck. As 
■we have nlready seen m our hiat chapter the prepare exerted 
upnii the hhtod in the (japllLiries is greater tlian ihal exerted 
upnii the blnnd in the veJiia. Tliis ^jrehhUte in the amuller lilood' 
vesselrs is cfimmnnicatfrd thiougli the hlood-phv^ma l-o the lyin|ih, 
and thus, though the lymph is not subjected to the same amount 
of pressure an the blood in the capillaries, it still stands at a 
higher prt?ssLu« than the blood hi the vein.H, We may consider 
the lymphatLca to forniaayatem of vosscli^ Icadiiig from a region 
of higher pressure, viz, the lymph-i^pacos of the tissuoa, to a 
region of lower pressure, via. the intorliir of tlie large veins of 
tho acek. (2} On aeeouut of the numerous valves in the 
Lymphatics every pressure upon the tissues in which they 119 
will, by compressing the vessels, cau^e an outward flow of their 
contents. Active muscular exemsc and the maniptilation of 
the tinsnes, an pmctised lji massage, markedly affect the lymph 
flow. (3) Dnriiig each irispiifition the prefimire on the thnraeiu 
duct hi Iksh than on the lymphatli^s ontsiile the thorax, and thn 
lymph is nccordingly *'sucked" into the duct. Duriijg tho 
succeeding expiration the pressure on the thoracic duct is in- 
creased, and aome of its contents, prevented by the valve from 
escaping bL-low, arc pressed out into tlie veins. 

The lymph in the various lymph-apacea of the body varies ia 
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amount from time to time, but under normftl circum^t^iicos, 
never exceecU cerUuii liuiit^. Sutler nbuormal conditurfus, these 
limttif may be exceeded, mid the result Ls kuowu a^ wdemii or 
divp^y. SimilAr cxecvisivo nccurnuliitior^ may ailm ocour in the 
largei- lym[jh-apace&, the Heroua cavities. 

The podJ4ible CAUSES of cedemji Ait^, on the one hand, an ob- 
atniijtion to the flow of lymph from the Ivrnph-aimten, and on 
tbe T^Llier h^imli nn excessive trausudatioo, the lyniph jjjitliering 
in the lymph-spiieea fjwCer than it. can be carried n^v-iy by a 
Tmrtu»d flow. G^^dema i-s hIukisL alwayi^ due to the latter ciiuse, 
viz- vxeessive trR.ii:^udatlou- 

The iiiflLimiuiittJty (Riluiiia, due to changes in the wiUls of the 
hliHid-vt^ssela, we have already touched on in speaking of the 
Cripillaiy circulation. In this kind of oedema the trajiaudation 
L». besides being crowded with migrjiting corptHcles. more dia- 
tinctly coagulablo tbLin ordinaiy lymph- Allied to this intiam^ 
matory ajdcm.i is the "effuaion," which appciiw in the aeroiia 
cavities when ihcv nro inlliimed, Oi* in plenvisy and pi-nlonitia, 

Functiona cf the lymph, — The lymph derived from the blood 
delivL^i'i: to tbe eli;itieLt^ of the tii^ueu tlic niateriat eneb element 
n^e'U to mainialii it^ funetionat activity, ami returns to the 
blood the prodact^ of thiu activity^ which products may be 
fiimjile wiLste, or matters ea|j:ible of befig made use of by ^orae 
other ti?{.sue. Tliei^ hi thus a cor^tiiiual Interc-hiinge going on 
between the hlo(yl and Llm lymph. How thiii interchange 
i^ effected may l»e jHirtially understood by the foUoHring 
ill ust rati on. 

If a fnnihler be completely divided vertically into tvro oom- 
partmeiiU'4 by a moist piece of membrane, and a watery solution 
of coiiiinon eidt l>e placed in one eomparlmcnt, and a wiiU-ry 
flolution of sugar in the other, it will be found after a lime tlmt 
some of the salt has found itft way into the solution of »upir, 
and. vivfi vefsfi, s<>me of the sugar inti« the salt solution. Suuh 
an iiLterch^nge i^ ^[lid to be due to dialy^i^ or otimosi^ ; and if 
the profiiss were allowed to go on for eome hour*, llie name 
propoition of >4alt anrl sugar would he found in the solutions on 
BHch ^idt\ of Lhc dividing niembranc. So in the living boily- 
The lymph, originally like the hloiKl-phwmii (it \a hlood-pl^tiHina 
forced to ti'nnsude thinugh the capillaries by the pressure of the 
bLDod)k hecomea altoL-od by the metabolic cUange^^ of the tiasued 
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whidi it Ijiithes, and we ]m\'e two different duiJs, eeparated by 
the iiioiflt mcnibiane which forms Ihe vvalls of tlif blood-vessels^ 
— the lympli in the tiasiies fiuUide the wjdla of the cupillttnes 
and the blood inaidtj tlio unptUarv wall^, — and the same condi- 
tioug may be said to exist as In tlie wUt and sugnr aolutions juat 
Spoken of. And now the Bi^ino phenomonn t-ike ph^ce ; for 
thoiifrh the preasure U higher in the Uood -ver4si>I-{ than in the 

lymfdi ouUiide* some of ihe coiij+litii- 
enUf of the lymph pass inUy the blood 
by the prn^'ess of osmosis. 

Th*?se constituents, which, as we 
cannot too often tinphasiKe, are prnd- 
uclii resulting from the acLivily of 
the tissues, nre carried awny by the 
blood to other tiEtaues. vliicb will 
cLlher make nsc of them, or. n^^ in 
tht.- kidneys, take them up to nmke 
oxorctory l^uidis, and bo remove them 
from the body. 

In conset^nence of the different 
wants and wastes of different tissues 
at diff<--ront times, both the lymph 
and blood must vary in composition 
in different partA of the body. Rut 
the Inss and yain is so fairly balanced 
that the ii\erag** composition is pi'eUy 
constantly maintained- The blood. on 
account of the higher pressure, loses 
nioi'e liquid to the lyiniih than it re- 
ceives back, but thia excess is returned 
biwk again to the blood by thL' lym- 
phatica when thoy empty tboir con- 
tents into the veins. 

Lymphatic gland* — The lymphatic 
glandi are small, solid bodies* placed 
LTMtHArir Glands OF AJciuLA in the course of the lyniphatti's and 
*™ ^'"' lacteitls, through which the contents 

of most of these vessels hiww to pass in their progress towards 
the tbor^Huo ai"! right lyinplialic ducts. Tbewe lK>dies are tol- 
tected in numbera alongside of the great muHcIcfi of the neck. 
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and ftlso in tho ihomx tind abdomen, enpecially in the mosentcry, 
wiiere they lire ciilJed the meaenteric glands, nnd alongside 
of the nurtii, voim ciivii inferior, and tlio iliac vcKsela. A fow. 
usually of amiill aize, aro found on the extornal parts of the 
bead* and cioiisirleruhlt? gioii[in ai-e aitunted in th« axilla, ainl 
la the gmiii, where they receive thy name of inguiuai glands. 
Some three or four lie on the jiopUteal vesseU, n»d usually one 
la phtt'ed Ji little Wow tin? hneo, hut noru" fiirlhef ilown. In 
the arm, they ave fouiid ;is low as llie elbow joint. 

The size nf the lymjibaLic glanrls is very various, some being- 
not much Ijijger than a hetnp sifed. and others as laig^ an an 
almond, or even lar^r tljan this- lu sha[>e, they are u^mdly 
ovuh 

A lymphatic gland is covered by an envelope* or capsule, of 
cDnneetiva and muscular ti»uae. TJiis capsule aends tihrons 




Fl'in 86.— DUillUkClfATIf SU'TIGN OT LvuPiLATit i;:.AV|f- {SliBrpufrl rl-/, 



Iximb (jTobceidtr) into the sulMtaroo of the gland, dividing the 

exterior jxirtion into more or leaa regular compEirtments, and 
tlwj iulerior inu> irregular labyrinllw. This framework ia oe<.^ii> 
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pk-rlhy reticular or lymphoid tissue,^ tlie fiiie meshes of which 
uii' lillyd with leucocytes. Between this pulpy subaUinee of the 
glauil and Lhe skeleton fmnieivurk there is ». niirrow s^taee (left 
white iu llm diiig^r^iii ) whii'h looks ha if the |»iilp liiid o[i^i;i;illy 
rdleil llie fmuiewnrk h,]|{| thi^n shrunk ;iw:iy sliglilly on nW sides. 
The sjMi€cs thus loft form rhannels for the pas«Jt^ of the lymph, 
whicli, entering the mure convex surface hy affereut vessels, 
is»uea, after circulatiug tlirougli the glaud, hy efferent vessels 
below. In JtH piiaaagt' through tlie glund the lymph tftkeu up 
fr&^h loui.oeytes, which iiro coiUinuiLlly multiplying hy eell 
division in the j*:liinduliir euhstfinci:. The lymphiitie glands are 
plentifully sitpphed with hlood. 

Solitary folliol&« and Peyer's paWihes. — Closely connected with 
lhe iyniphatic vesseU in the intestines arc small, rounded l>odies 




ria_ ST- — Vbrtt^ A.L Bkc^tiuh OF a VouTion ov \ PK-mn'ii Patch, wtth Lac' 
VKAL VE«HRLa iNJRi'TRn. a. villi, Ahh tholr IwIi^Ih Aoli^nriKl l>ln(4 : d, fluffaoe rpf 
ffoandBd fdllii-le, or aulitHi-y c^nnd; p.cfliitniL purl ; /,!f,h, i^und A. lymph-i'Utnni^ls, 
or Lnfl^al ven'iflii, fuUiuri^l lilDrb. 

of the si^e i»f a small pin's head, called solitary glands fir follicler 
These holies consist nf a rounded m:iss of fine lymphoid tissue, 
tlie m&shes of whh^h nre crowded with leucot:yte8. Into this 
mH88 of tissue ime nr more snifUl arteries, enlt-T and foini a 

' Hplicular or Ijmphfiid [issue JB iLal vnrifty of connp^livo tisfluc \n ^7hioh 
the bruadjtd cunai^oEivf! Uaaqc cpIIa uiiile to (•n-in di'llcate networks. TIjd 
nK<ftEiL<fl i>f thp iiPEWorlc are iv;ei]pled b)' ftnid in wlui^L t!i^ leduocytea ofte[j, in 
Urt,T niunbf^rs, waudL-r to lUiU fro. 
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capillitry network, from whicli the blood is carried away by one 
or mortf small veins. Surrounding tlie inflss are lynifji uUiuinoia 
H'hich ai« coiitLuuou^ vvit)i tlie Ij'itiplmtto veusulii in tliti tiHtiue 
below. 

A Peyer'a patch, or '* agmiiiatetl gland,'* as it is often called, ia 
siruply a colli^L'tion of Llitse folli(vle'4. A w'ell-fiirnn^d Peyer'a 
pati;li consists of lifty or iniMTf of tiiese solitjuy follicles^ ar- 
ranged in a single l^tyer, close uuJcr the epiilLt^liuin of tbe 
iiilt!htiod,l iciuuous nitiinlmiJie, and .^ttrebi^liing ^^ell down into 
tbe tiftoUti l>Kneulh, Tlius« jjaluLea arc uJituliLr or uvai in ?flliJLjie, 
and from twenty l^ Iblrty in numl>er. They are largest atjd 
moat nuiiiernus in tbc |Kirtioii of the intestine called the ilium. 
Tbfy incri^we in sizu dnring digestion. 

The tenaila &vt two thit^k niaaaes of lymphoid tissue, placed 
one on einjh tide of the fituoea or throiU, into wbjeb they jjro- 
ject. They are ciovered by stratified epithelium, and their sur 
fmei ar^ pitted with apertures wliiob lead into reecstjea oi crypls 
m the hiilpilance of the tissue. 

The >pl6eji^ — The s[)h'eu Jiffora In raiiny im|x>itani p^rtieu- 
laifl fTmii lymphatic glands, but may l>e conveniently *tu<lied in 
f'onjmiiuioii with tlit-m^ lis it resembles iha^e glands in structure, 
and is fnuctionaLly connected with the blood. 

Like the lymphatic glanils, thti s^ilesn is covered by a fibiTius 
and niUM'ular capsidtf wbich fiends librons liitnds to ff^rm a nct^ 
work in iho interior of the organ. In tlie meshes of the tibruus 
frumcwork Uea a soft pulpy substance containing a lai^e 
amount of l>I:>ijd, and, therefore* of a deep red eoloui\ This 
aofl, red pulp is dotted with whitish s|>ockti, which are amaU 
maiiseH of ]yin|>lioid ti^isuo, and are calked tlie Malpi'jhi'in '^Qr- 

The hlmrtl *;ii[i[died to the spleen appears to escape frr>m the 
minute _sul>didh!i<»ns uf the arteries into the red pulp ttofore 
enteiing the exceedingly thiU'Walled veinti by which ic is con* 
veyeil fRTin the gland- The pulp t^ontjilns numerous i-ed cor- 
puscles, and many biidies wliit'h appeiu^ Ui be red i^or pus ties fn 
proenM cf decay or destruction, and it \^ tmriniseil that tlie red 
corpuscles arc in sonji? wjiy ilcstroytrdii ajjd that additional white 
OOrpuiKled ai^ formed^, within the sjileen. 

The epleen Lt covered by a portion of the peritoneumi the 
eeroud membrane covering the viscera of the abdomen^ and 
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lies upon the left side of the stomach, in the abdominal cavity. 
It is an elongated^ ilat body, varying greatly in size at different 
periods of life. T\ig size is increased during and after diges- 
tion, and is always large in well-fed, and small in starvedi 
animals. In certain diseases, and more especially in ague, a 
temporary enlargement takes place. In prolonged ague, a per- 
manent enlargement of the spleen occurs, and forma the so- 
called "ague cake/' 
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THE RESFIKATOKY APPAIEATUSj LARYXX; TRACHKA ; LraCfl, 
RESPIRATIO!^; EFFECTS OF nESPIRATlUN UPON THE AIH 
W[THI>' THE LVXGS, Ul'OK THK AIR OUTSIIJE THE HODY, 
lll-OV THK HLOnU; MODlKlKlJ iU;sj»IHAT<Jlt¥ MnVKMKNTS. 

The reipiratory apparatus^ — Respirntinn ig the mnin process 
hy TfteniK of wlik-lj Llie body id supplied witli oxygen »nd re- 
lieved of liv.iA^iUiic acid. 

A reapinLtory np[ianiUifi consLsts easentinlly of n niclst ami 
peiTieabIt! membinne, with blood-veasels containing iirirbonic 
acid on one side, and air or fluid uontAining oxygen on the 
other. lu mo>t atjuatic aniin^b, the respiratory organa Imvo 
the frirm of gllia; in terrc:itriid or fti^b^eftLhl^g animnU. tha 
rcspii-atory org:mi8 nre situated internally under tlie form of 
lung8, and are pliicod in communicntiou with Uio external nir 
by a tulie or winJpijH*. 

In man, the re^^piratory apparatnii maj' be conveniently di- 
vided into the larynx, trai^hefl* and lurjgs. 

The larynx. — The hirynx Im situated Iwtweeu the hose of the 
tongue and the t4:>p of tlie tratiliea, in the np^wr and front jiart 
of the neck' Alxive and behind Vws the jiluirynx, whirh 02t«na 
into the n?!4oph4igu» or gullet, and oneitl^erfiideof it lie the great 
veaaeU of the neck. 

The larynx iw made np of nine pieces of cartilage, united 
tpOgether by ligumt'iil^* and moved hy numerous musclea- U ia 
Lined throughout by mucous membrane,' which is continuoua 
abovt with tliiit lining the ]>harynx, and below with that lining 
the traohea. In fonn, thi< larynx in naiiovv and rounded Ijelow 

1 Hdcoiui membtaneq r«s«inble the ftkin In BLroi-tutv, and m^y be Mkl ta 
foiia AD Intenm! fckiji for the cjtritlp* n{ tbo bi>dy whioU open cTclprlurly, They 
■iwayft liAve Ji ImmIs of i^nQpccbL- IIhbiio, nm Uiinl wlll^ ppl ill ell urn. ami iipcivt* 
tk iticky fliib4Un(« uIIhI lUaoUL For a further deKrfpUon, tee pa^ lU, 

■ IMS 
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-where it blenda with the trachea, but broad above, and shaped 
somewhat like a triungulxr box. with flat sides and prominent 
ridge in frontn ThiA prominence, popularly called ■"Adam's 
ftpple,'' is formed by the union of ilie two hirgest pioces of 
cariilap'e {the thyi'*^id), of which the larynx is comporit'd. ,■ 
Across the middle of the larynx is ii tnLnnverHt* ijurlilion^ 

faniit'd hy two fohln of Urn liiiing 
mucfni3 ineinbratie. strelL-liiiig fnini 
aide to side, bnt not quite meeting 
in tlie miildlci line* They thus 
le-ive in the middle line ih chink or 
ttlit, running from fr^nt to back, 
called tiie gii>ii\s or rtmti tfiottifii9. 
Iiiibedde(i m the miicous mem- 
branes ill tlie edges i»f tins slit aw 
ftbi'outt and elastic ligaments, which 
strengthen the edges nf |he glottis 
Htid give them elasticity. These 
ligamentons l>aiids, covered with, 
the mncons niembnmi^. are firmly 
attached at either end to the car^ 
liliiges of the larynx* and are 
called the vocul conU, TLo apace 
left between their edges, the glottis, 
viirics in fflLa])C and aim. according 
tf> the action of tho muscles upon 

p«AHVNx. WITH THM coHVKMK- ^^^ laryngeal walls- When the 
BBN'T ap gl'llrt AM. i.AHVNx, Aft Iftfvnx Is at rsst (JuHng quiet 

TKKl,BrroKiM«MHniANFLA>a.-F breat 1 nng, t be glottis JsV-abapedi 
THE llKAD. ' , vuriHbrJt; ''.tullcti during a deep inspimtion, it be- 

Clracliem if. Urvni, r. Ppjuloltid ; ° , ^ * / , .^ , . 

/. ^,.n paipt.-! ;,. opBtiiug of En*- conies alino.st mnnd; wltile. diinng 
(m-bi-ii, lubc; *, loiigii^; I. burl (|,e pi-oduftion of a liiirli note, the 

hfitiiid cf lufi diual cb;4miwr. edges of the cortts approximate so 

closely as to lenve scarcely any 
opening iit all, Tlie glottis ifl protected by a leaE-sbai^ed lid uf 
fibro-cartilage, tailed tlie t'piglottis, which shuts down nj»on the 
openi[ig during tbe poftdage of food or other umttera into the 
oesophagus. 

The vocal cords produce the voice, A blast of air, driven by 
&n expirixtory movement out of the lungs, throws the two 
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Elastic oonJa into vihratioiis. These impftrt their vibmtiona to 
the column of nir above them, and ho give riuc to the sound 
wLicli wo cflll the voice. 

Thtj lurj'iix is placed in cDnamuriicalion with the extei-rml air 
by two channels: the one, Mnpplied by the nasal jijL^nges, ia 
always ojw>n ; the other, furnished by the mouth, can be opened 
and closed fit will. 
One advantage of this 
arrangement ih, tluLt 
when exposed Ut u 
VBry (Jold tein(ieratiire, 
we can close our 
mouths and breathe 
throtig-h the na^ul pa^ti- 
flagod, which, l>eiiij^ lutr- 
row, thickly lined, and 
freely supplied witii 
blood - veBselft, warm 
the air before it readies 
Uit> lungs. 

The trachea. — The 
tracht'ii i>r windpipe is 
a fibn.iUH jii:d inUM-u- 
l&r tube, tiie vvuUs of 
whidi are atreiigtlicned 
and rcndt^ied more 

rigid by hoopa of ear- FiH.m.'-THE t.^nvwji ah vsi^ii iir MR^;ih nr 
Ulage cml>cdded in the ™* l^itTr.oo«i..r> i^ T>irirBRH^T C.^wni-.^E* 

nhltiUS ti^Ue, TIlcsc Lu quk^i Wt'iillaTuE ^ <\ <luriiijc A ilnip EdKiiirnlii^a. 

hoops ftrc C-^hjiped ^ *™* '?' ^''T^' "• "ff"; f™^^P> "' q.igii.Mi-; 

and incomplete liellind, »nll i^r i^harrnA; <-r.-,lhu trn« vocal i^otdt; (V-, Ui« 

the eartdagiiinu^ nnj-H tii.i*t.h™hi;ttbliroomm«i>^.m. 
beilig cumpleied by 

bamU of pbUii muscular tissue where the Iraeheft comes in con- 
tact with llie ii-M)|ihagu»i- Like the hirynx it is lined by mnenns 
Hktiinbrane, and liiis a dliiited epithelium upon iva inner stirfaee. 
The niuccius nieuihi-ane. wldi-li alscj exl^iirls JnUi the l)nuichial 
tuljes, ktM.'[>£t ('he iuterjiid nuvfucc nf the air ptuaageti free from 
impurities; the sticky mucus erjtangleft particles of dust and 
oLhf^r mnttcitt breathed in with the air, and the iiirc^^nnt 
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Tnovementa of the cilifli onntinually sweep this dii't-lndened 
nmciis uj>wan.ls and outw^init^. 

The tniuhoa measures nhout four aud a halt iuchoa in Ir^ngtb, 




ria, Wl — Kit(.>hT \ifcw nf CAHTU-Aiil^ viv I.abvsx Tnush^B. und broiioU 



and three-quartera of an iiifih fi-oni aide to side. It cKt^nda 
dowA into tbe tlLomx from the lower pjirt iff the larynx to 
opposito tlie third dorsiil veiWLi-a, where it divides into two 
tubes, — the two hronuhi, — one for each liiiig> 
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The liuigH. — The Lungs consist of the bronchial tubes ftiid 
tli€ir terminiU tlilatationfi, numenjua blood -veMclti, lympbatica, 
and uerves^ nnd an nbujidancc of iiiie, clastic, coiineclivc tissue, 
binding M together, 

Tlio two bninchi, into which the tnvchea divides, ent«r the 
right and left lu"g r endive tivelj', (ind then break up into it great 
number of anijiller br-annhea which are called the bronchial 
tulwit. The two bi-orit^hi resemble the trachea in stmcturi? ; but 
as the bronchiid tu[)es divide tiud HiibdivirJe* their walls become 
ibitnier, the small plati^M of uarLilMge tb'op off, the fibrous tLUsue 
disappears, and the finvr liilies nif c<im[msed of vu]y a thin 
tayf;r of muscular and eljL.strii: tisane, Uiit^d by iniiunus ineinbnLiie, 
Finally, these finer tnbes end in 
dilated cavities, the walls of which, 
contiiating of a sinplo hirer of finU 
tened cpitheloid cellu, sui-rounrlcd 
by a line, elastic, connective list^ue, 
are exceL^diiigly thin and dt^LlciLtt', 

Ininit'diuUily beneulh the layer of 
flftt cells, and lodged in t)\v eli^tic 
oontieetive tiHi^ue, i^ a vtry olose 
network of eiipillatv blood-vesacda ; 
and tlie air reaehkng the leiminal 
tlilatations by the bi'ojii-bial udK.-s is 
aejwntted From Uu; lihwul in lIih 
capLllanes by only the thin mem- 
branes forniinj^ their respective 
walU. 

The terminal dilatations do not end as simple, rounded sacs» 
lLk<.^ cliddren'ri nir-hidlootLs^, but each bronchiole endti in nn 
enlargement having niotc or less tiie f^ha^ie of a fimnel, anil 
called an infitndibulwm. Each of these iitfundibula is snl>- 
divtded into tetondarv ehamln-rs or cavitieti, culled nlveMi^ fbc 
walU of whieh aru h on ey-L'o allied witli '' Udging*.*" ' Jti thifi 
way the amount of uni^ace exposed to the air and covered by 
the capiUarleA is imutensely inci'eased^^ 

■ Tbw^ |}nanuli>EiH inH> lie ILlufiLnlftl by a tH-a-|xxJ. the whIIh oF vhivh nre 
* Till- irLilimirnLry lilvo^Ii un i>ftrn Hpck^n uf ariilor Ibe ^nonJ iwtaj vt kSt- 




Fid. HI-— TW'J AtTKOlJ DPTB» 

tins %\f^b\\*, (If bu1|{lD|{Vf i\t ttw 
atv^l, 41, a. 



134 



ANATOMY FOR NUH^ES 



[CuAv, XU. 



Brofttlly speaking, tlio hinfjH mny be mid to consist of a lar^e 
nmount of ft film-like eiiwtic membrane, covcirod by ei cloat; oet- 
work o£ blood-vesaels, which metnbraiJe ia arranged in tlie form 
of irregukrly dilnt^^d poucbca at the end of fine tulws, opening 
into lorg^or anJ Urgor tubaa, and liiially into the windpijje, 
whioh places them in comiuuuLoation with the external air 

By virtue of their ati-ncture, tlie larger branchial tnbea 
remain perinAiiantly open ; Ih? sni^iller tnbes« however, ace 8ub- 




Pia. 99. — A-NTEFtrox Vrsw of Lufl-os ahd Hkakt, t,hcAri, ^, Inferior ram 
cava; a, nuporior v^-na tdvui 4, right [nnominnle veini D, Icfl innftmiBftto vela; 
0, Jugular Tela; 7. slilwljivian vein; ri, atvL tpf HitrLA^ N', subi-lavljLn nrLory j ti, loft 
jHlllDDiury UTttty- U'.U'p I'-nroEid nrl^rj; in, (raobm; II, lefL bnuiL^limi ; 12. nuni- 
fiutlonn of right hraiiPliafi pxpna^l la ii]>p>T tolte of rijfbt Iuur; l^^h H^ miJdle lobg; 
[£. lower lolftB ; Ifk, n]i[vr Inba rjT left lung; 17. lower loba of left lung. 



jeot to collapse when empty; they also may contract under 
certain nervaua iDfln^noeet. The terminal dilatations >ire emi- 
nently elastic and continnally expand and unnlra^^t; they are 
bathed with ^niph, iinJ ait: aLwayt* racLst. 

The two lunga occupy almost all the caTity of the thorax 
whieh ia not tjiken up by the heart. The right lung ia the 
lai'ger and hoavit^r; it is broader than the left, owing to the 
inc:linabion of the heart to thu loft side ; it ia also shorter by ouo 
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inch, iij conseqaenoe of the diaphmgm rising higher on the right 
eide to accomnioilnlc thu liver. The right lung ia divided by 
fissurcrt into thivo loficti. The loft lunpf id sniallyr, narrower, 
and longer tbm ihe right, and luia only two lobes. Cach lung 
15 enclosed in a werous sat;, the pleuni, one hiyer of which is 
closely adherent to the wiilla of the chest and dlaiilirugm ; the 
other closely covere the lung. The liase of each lung ia at* 
tuehed, hy inf^aiis of the jjleiini, to the iliaphi-agm. and the apex 
ia attJiclifii above the ntiii^iiL oF the lii^t rih. The two hiyers 
of the pleural sacs, ninih^teiifd by lyntph, aire nonnally in close 
cont-ict; they juove tiiAily uixiti one aiiothei', and prevent the 
friction that would otlierwise oecur Irclweeii the lunga juid the 
walls of the chest with every respiration. 

The pressure of the atmospheric air upon the lungs thmugh 
the HJr-passAgea ia greater than it. can possibly be upon tliem 
fj'om the ontHidc throngh the ohest walls* on account of the 
retaistance which the solid chest walls oGer to this prB^iire ; 
and, ordinarily, it is imjwsslble for the lunga to pull away 
the layer of the pleuml sac which adheres to them from the 
layer which is attached Uy the ohe^t wall- If, however, the 
chest wall be pnTti-tored, the air from the outsitle will rush in. 
distend the pleiini. and, squeezing t)ie idr out of [.he air-s^ies into 
the jLJi-jiiLVJrtges, cause the lungs to shrivel up and collapse, 

BeHpiratioa- — The lungs. then> are |»!aeed in an air-tight tho- 
rax, whieh ihey, together with the heart and great blood-vessels* 
coTTiplelely fill, ^y the contraction of certain muscles (f»ee page 
65), the cavity of the thtirax is cnlaiged; the lungs are cor- 
respondingly distended to 1111 the eidai-gcd ciivity, and. by this 
distension^ the air within the air-saca becomes cxpiinded and 
more rarefied than the air outside. Being thus expanded and 
mrelied, the presuure of tlie air within the iung-i becomes less 
than that of the air outside, and this difference of pressure 
causes thj? air to rush through the trachea into the lungs, unlil 
an e<jiii)ibriurn of pressnre is established Iwtween the air Inside 
the lungs and that outside. This constitutes Ein inspiration. 
Upon the rehKiilimi of the iiis|nnitory mnsrtes, the ehtstfeity 
of the lujigs Hnd the ehe?*t walls causes the chest to return to 
its original eiie, in consequence of whieh the air within the 
lungs betomc-s more contnicted and derLser than the air outsidog, 
die pressure within becomes grenlcr than the pressure wlthouti 



136 



ANATOMl' FOK :jJURSES. [Chap. XI L 



and tbo air runhes out of the ti-aebcn until equilibrium ba once 
move GPtfibli'^hed- Tliirt ccnifttitu^ps an expiration. An inapira- 
tion iinci an ^xpiratJDii make n respitution^ 

As lit tliB heart, tbe ^LuritMjlar My^tote* ihti ventricular systule, 
and tlitrn h pause, fnllnw^ In regnUt' unler« — so iti tbe lungs, 
tlm in^}irAl\i^a, iht? expiration, aiid tlien a. paLi:^^ fiUC(»jed oue 
anotltei- Ejich respimtory act in tlie adult is ordiuaiily repeated 
from fifteen to eighteen times per minule. Bui thia rate variea 
under diileient circumstancea, one of the moAi important of 
which ia nge. The average nite in the newly born infant has 
bcou foutid to be fortj-fout per minute, and at ilia age of five 
years, tweuty-eix ^Gt minute- It is reduced between the xges 
of fifteen and twenty to tbe normal standard. 

A condition of reat or activity readily inHuencea the number 
of re^j^iratiouB per minute. They are always less frequent 
duriitg !(leep> aud are markedly increased by severe muct^ular 
eiercise, 

Bi^-tpiration ia an involuntary ant. It is poMsible for a abort 
time to incre^e or retard the rate of reapinition within certain 
limits by yoluntary effort, hut tins cannot be done continuously* 
If we intentionally ati-est tiie breatbiug or diminish Its fre- 
quency after a short time the nervous inipube becomes toa 
eti-ong; to bo controlled, and the movements will recommence 
aa uauah If* on the other hund, wo pur[>oaely aLcelerate roB- 
piriition to any prunt degree, the excitiou soon lje^;oraes too 
fatif^uing for contiuuanee, and the movements return to their 
norjuiil t^Umdavd. 

The nervous impulses which cause tbe contractions of the 
rtispimiory njuscle^i itrise in the niednll^t ohhkiigihtA, tiiivel down 
the Kpiual iionh and out abuig the pln'enic and ijktercfxstal 
nerves^ If the i«jrtion of tbe niediiUa oblongata, where the*)© 
nervous imimlses arise, be lenioved or injured, reapimtioit 
ceases, and death nt once ensues. Thi» |xirt of tlm medulla ia 
kaowu as the respiratory centre, aiui in ali^o oftt;n called tbo 
^' vital knot/' 

The effeotJ of reflpiration upon the air within Che loii^. — At 
birth the Iting^ contaiu no air, Tho walk of the air-^aoa are in 
clo-^B contact, and the wallfj i>f llie smaller bronchial tube^s or 
bi'oni?biolet* coUapt^ed and touching one anotlier, Tbe trachea 
and larger bronchial tubes are open, but contain fluid and not 
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air> Whon tbo chest Qxpanti^ with the first breath ttiken, the 
inspired air hoA to overcome tha adhesions e:ci»tiii^ b<,'t\vo(rEi 
the walls of tiie brodchiolt^tt and Jtir-saca. The fovoe of this 
Gtat inspimtory tffort, spent in opeuing out and nufoldinj^', a;* it 
were, the inner rtcesatjs of tlie lungs, is eoiisiderahie. In the 
succeeding expimtion, moat of tlie nir intrunhnte*! by tlie first 
inspirjiLi-jn renuiiiiti in the lungs, tnn^ceeding hrenths nnfolrl the 
lungH more and more, uiilil Hnnlly the nir-Miics and hronchiolea 
Fife iill Oi>eried up find filled with air. The lun^a thus once lilled 
with ail are nev^er completely' emptied again until after death. 

The air remnining in the lunga after e.tpiration is called the 
old or statiiiit'tn/ air, iulo which fresh air in introduced with 
every inspimtioit, tiitr fi-esh or tl<fal tiir, as it ia called, giving 
up its oxygen to, and taking uarhonie auid from, the old or 
statioiiMr^' air. Thus the stationary air trauKaiite the butiinesa 
of respiration, receiving, on the one liand, constant auf>pUes of 
oxygen from tin* tidal air which it delivers to the blootl in t^e 
capiUarieH on tiie w;dls of the aii'-sacs; and» on the oth*?rhand, 
returning, in exchange to the tidal nir, the carbonic acid it haa 
re(!eived from the hloitd in the^e eapIlhirieFt. 

In ordinary res[iiration the inii^ are not distended to their 
fullest extent, hut hy more forcible mu^eular contnictlnn the 
ca|>»city of the chest can be further enlarged, and a certain 
additional amount of air will rush into tiie lungs. Tijis addi- 
tional amount is often fi|»okeu of o^ compU mental air. In 
laboured breathing the cuntntction of the respiratory niusclea 
not usually brought into play, such as the maselea of the throat 
and nostrils, hecomee very marked. 

The entry and exit of the air are aecom|>iinied by resj>irator^ 
sounds or miiruiurii. These murmui^ differ as the air [masses 
through the tnichea, the larger bronchia] tnlx's, imd the bron- 
oluoles. They are varioUKly modifted in lung di^^eju^e^ and nra 
then often Kpokei] iif under ihe nami! ut '•' liih-s." 

The effects of respiration apon the air outside the body. — With 
iry iuESpiratifiU a wi^lhgiu^vti ni.ui takrs Lulo his luii^ alN^it 
thirty uubio inches of air. The air he takes iu differs from llie 
air he ffivua out mainly in three particulars: — 

1- Wl»atcvcr the lemjicnUuR^ of the extcrnnl air, the expired 
nir irt nearly as hot as the blood; numelyi of ft tem|>erature 
between 98° and 100° F. 
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2. Hnwever dry t]\e vxxerniii rur nmy l>e, the expired air in 
quite, or nearly, NutiiriUed iviUi moisture. 

3. TJkc expiivd Vilr cniitidiis itlxuit fdiir or live per t^ent le^s 
tixygeii. and idiout four |>er cent iiioie ciLjbonlu iicid tlmii the 
exLenml ait, the quantity of nitrogen suffering hut Utile change. 
Thua: — 
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Tn addititjn the expired iiir contains Ji certain amount of effete 
matter, of a highly decomposiihle and impure character. The 
quantity of water given off in twenty-four liours varies very 
mueh, but may \k t^tken on the average to be abotK nine ounces. 
Tlie quajjtity of Cikibou givtn off at the annrn titiie is pretty 
nearly eaUniAted by a piece of pure ehart;ue] wrighiag i^iglib 
ounces. 

If a man breathing fift-ocn to sixteen times a minute takes in 
thirty cubic ini;hea of air with each brtath* and exhales tlie 
Hntne quantity, it follows thut in twenty-four houi^ from three 
huiidrad and fifty to four hundred cubic feet of air will have 
pftnaed through hi^ lungs. And if such a man be shut up ia a 
close room inenf;uring seven fe«t eaeh way, nil the air In the 
i-oom will Ijave irnased through hia lungf* in twcnry-fouT hours. 

Since at every breath the external air losea ojcygen and gains 
carbonii^ ni^id anil other wa^^te ntid poisonuur^ Tiiutters, it is 
iiu[)eiative thftt some prniiftion be made for constantly renewing 
the atnioHpheric sormnndiugs of penple in dwelling houaeSi 
This i*^ acconi[ilUheii by ventilation, which consists of a system 
of mechanical coutnvaiicea. Ly means of which foul air is con- 
stantly removed and fresh air as constantly supplied. 

The Titiiujniim amnnnt of air ppace every individnnl should 
have to Liinadf i* BOO euLic fcot (a room nine foot higli, wide* 
and long contains T!26 cubic fcot) and this gpacc should be 
accessilile by dired rw iiidii'o'^l ehainn-Is to the nittaide air, 

EffeotB of reBplr&ti[>n upon the blocd.^ While the air in passing 
into unci out of lliv lungs Ls rohlied of a portion of its oxygen 
and hiadwl with a cpi't-iLin qu.tiiiitv "f rarbojdc iipid, the blood 
as it streams along tlie piilnioniiry cnpiHanes is aUo undergoing 
iinpinlant (diaiiges. As it leaves the nght ventricle it is venous 
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b1nL>d of a dnrk purple colour; when it enters the left auriale it 
is iirleml blood juid of a bright swarlet colour> In pasBing 
through tbe cH.pilljirie!* of the body fiy>m the left to the right 
fiide of tbo hoiirt it is agnin ehsinged from the arterial to the 
veiiouH (^(inditLoii. The question arises, how la this change of 
colour effected? 

As we liiive idreadj seen, the Iilond in the thin-walled, close- 
eel pulmonary capillaries is »e|jai'ated from the air in the aii-^ 
■aca by only the moist delicate niembranca which form their 
reapcctive walla. By diffuHion the oxygen in tlie air paasea 
through these moii;t meinhraiiea into tbo veiioua blood in the 
pulmoiiiiry capillarios, combinen \vith the reduced hemoglobin 
which has lost ita osygen in the tirwiiea, and tarns it into oxy- 
hipmojflobin; the purple colour shifta immediately into scarlet, 
and the red corpuscles batten onwanls to carry this oxy-lironic*- 
globiu to the titisuesi, raising from ihe left ventricle lo the 
capillaries In the biiwuea the oxy-hjemoglohiii gives up some of 
iu oxygen, the colour shifts back again t*i a [jnrple hue, and 
ihe i-ed corpUftcleH i-eturii with this reduced hatJiiogloliiM Lo lliu 
lungM. 

The oiygen given up by the bh»nd conihinea with the ele- 
uienUi of the tissue* and foraia with lliem unstable chonnial 
compounds which are always breaking duwu to form more sta- 
ble compoun<h*, called " oxides." I n tliis procoss, which is called 
oxithilior], botli heat aitd force aro produced i^nd taich oKiJi>^ed 
products as car1>onie acid and urea are evolved.^ The carbonic 
acid pasi^es by diffusion into the veuouti blood, and is carried by 
It to the right «ide of the heart and thence to the lungs, a 
certain quantity, however, e!ica|>in^' from tlie blood through the 
kidney's and skiu^ A small jirtd ij [significant amonnt of ojcygen 
lA intriHluced into the hhiod ihrnngh tbe bkiu. and. with the 
foinl. thrnuyh llie aliiiientiLry cjuial; but, aa we have stated in 
the iK'giiniiiig of this cha|>ter, rc^s]»inilioii is the main proecHs by 
meaus of wliich the body is supplied with oxygen and relieved 
of carbonic aiid. 

The respimtion and circulalion are profoundly tind intimately 



■ Tlitfl pnicFBii cif uxIrUtion m.ij hp illu^trutFtl by iho bumltiif of a 6r^ ; the 
oiygFiJ vrlik'lj b in iIlt nir ivMnMnoH wiiJi th*- i^Arbnii of Lhi' wockL, lieut hq'I a^ht 
arts gtncTiLUKl. And uii(li£4'i1 pmdJCLx tn the form of uArtHinic aclil miiU uheH pnv 
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oonncctcd tiogetheri tiny cha.Qga in the bLood LuiDiediiitely affect- 
ing the re-spimtion. 

It would a[i|i€ar thjit stimulation of the respiratory centre in 
the loedalU obloiigftta de[itiiid24 primiLj-ily upon tlic eomlition of 
the blocMl. If the blooil in very ritli in oxygen tlie respiratione 
are feeble andsballow; if^ on tbe other hand, the blood la hi^Ldy 
Tenniis the respirations are dee^ier ;irid mom fi'ei|uent.. und if the 
bUiod remaina venous, gmdually beuorne fcin;ed and hiboured 
until we get the condition ealled " dyspno-a." Should tlie blood 
get luortr and morp venous, the impulses gi^nt-i'a ted in the respir- 
aU>iy centre Uicome more aud uiore vehtrratiiU. These nervous 
impulues, iustead of ccntiniug tliem^elvea to the ubuhI nerves 
didtribulcd to the oi'dinniy roapiratory masclcs, overflow on to 
other nerves and put Into action otlter muscles uutiL there is 
acai'cely a niusclo in the body that is not affected. The mueclee 
whit-h tvre Ihu^ more and more thrown iuto notion aii; eepeciHlly 
those tending to carry cut or to assist e^cpii'ation ; and at last if 
no relief h affoided the violi*nt respiratory movements give way 
to general convulsion* of the whole Iwdy. By the violence of 
these convulsions the whole nervous fly-stem Ijet^nmes ex- 
hnast^d, tlie CDUvulsious 80011 cease, and dt^iith in ushered in 
with u few iu FretjLieiit and long-drawn bn^athft. 

It has liuen snrniised tliat the esciiabiliLy of the rcHpiratory 
nerve-centre is due to certain clieuiitjil substances wliich act as 
stimuUntti- When the blood is rich in oxygen this nub^tance is 
oxidized or burned, and removed so fast that it is able to exert 
but little influence on tlie rewpiraLory nerve-centre ; when, how- 
ever, the blood is poor in oxygen, thJa substance accnmulates 
and tlio norvo'Ccnt["e is jjcnvciiully stimulated, Thua when the 
blood nei*dtt oxygen, the rettpii-ationH are increased to get, if 
]X)ii8ible, more air into the lungs; if the blood is too rich iu 
oxji^giMi, the n^'^iiinitioi^si bc?eome iibnorniany (juiet and shallow. 

HodiAed reepiratory movemeati- — Viu'ions eniotionn may be 
exprejised by means of the respii'atory appamtiis. 

Sij/hlnif is a deep and long-di-awn inspiration, chiefly through 
tbe nose. 

Yawning is an inapiration, deeper and longer continued th&n 
a sigh, dmwn through the wiilely open mouth, and accompanied 
by a pecuhar depression of the lower jiiw. 

Hicfoutfh is caused by a sudden, inspiratory contraction of the 
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diaphragm; the glottis suddenly closes and cute off the column 
of air just entering, which, striking upon the closed glottis, 
gives rise to the characteristic sound. 

In aobhinif, a series of convulsive inspirations follow each 
other slowly, the glottis is closed, so that little or no air enters 
the chest, 

Coui/hinff consists, in the first place, of a deep and long-dmwn 
inspiration by which the lungs are well filled with air. TUU is 
followed by a complete closure of the glottis, and tlien comes a 
forcible and sudden expiration, in the midst of which the glottis 
suddeidy oj)cns, and thus a blast of air is driven through tlie 
upper rcapinitory passages. 

In sneezintf, the general movement is the same, except that 
the opening from the pharynx into the mouth is closed by the 
contraction of the pillars of the throat and the descent of the soft 
]>alate, so that the force of the blast is driven entirely through 
the nose. 

Laughing consists essentially in an inspiration, followed by a 
whole series of short spasmodic expirations, the glottis being 
freely ojien during the wliole time, and the vocal cords being 
thrown into characteristic vibrations. 

Ja crying^ the respiratory movements are the same as in 
laughing 1 the rhythm and the accompanying facial expressions 
are, however, different, though laughing and crying often be- 
come indistinguishable. 



CHAPTER XTTL 

ALIMENTATION. 

Section I. Prelimiii&ry Ktuarbf on aecretiug glanda and mucoiw 
menibraiies. 

Secthin it. Food-principles ; proteidsT iata, carbo-hydrates» water» aalitio 
and inLiiei-al Bubatancea : chemical compotiitLon of the body : average compo- 
Bition of milk, bread, &nd iiieuL Concluding remarkH. 

Section I. In our last chapter, we described the methods by 
means of which the blood was supplied with its most vitiiL con^ 
atituent, oxygen. In the next three chapters, we shall consider 
how the blood is supplied with those materials through the ali- 
mentary canal, which it also constantly requires to maintain the 
life and growth of the body. 

The subject of alimentation, or the process by which the 
body is nourished, naturaUy falls into three divisions, viz.: — 

(1) Food, 

(2) Digestion- 

(3) Absorption. 

In order, however, to make the subject more intelligible, it 
will be necessary to make a few preliminary remarks upon the 
construction of secreting glantls and mucous membranes, 

B«creting glands. — The secreting glands differ from other 
glands, such as the lymphatic glands, the tonsils, Peyer*s 
patches, etc., by being always devoted to the function of 
secretion, and by discharging the secretions they farm through 
little tuljes or ducts which o]>en exteriorly. The lym^jhatic 
glands and bodies of allied structure are often spoken of as 
ductless glands, in order to distinguish them from these true 
secreting glands provided with ducts. 

A secretion is a substance elaborated from the blood by cell 
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action, and |)Ourefl out upon the external or internal surfflcoa 
of the Loily. An eJccretioii reaembica a secretion, except tbiit 
whereas the nocretion ia formed to x>yrform aome cHicc In the 
body, the excretion is formed only to be throwu out of the 
body, 

A secretory apparaLuii eonMists essentially of a layer of eocret- 
ing L»i?ll* pljK-ed in Aotm ooniniuniciition with a network of 
lihiixl-vtywelfi. TIih simplest fnnn in which a se<n"etory appa- 




Tm. '.f\ —Ynx-iiHw mh.iwtn<i twe V^hiouh yunkmop' atriEKrtKfi STRrrTriiiGft. 
^.^iiprft] filMinf n iM<rn-iint! iiipnibriLiii- ; 'i, FfjUf-ini^nr iiipmlirAht, vl[hi-fLti([i>nii(ine 
flliEc niiJ lfliHifI-v»APls (r) on iliu nUii-r ft ami K, h]ii)|ili luhulrir, sitciiuLiLr uiid 

rains oiii-niN is in the aliape of a. plttin, smnoth surface, oom- 
pcuHied iif a sijigle layer f>f e[iit]ie]L^il cell^* lasting usii»]ty nn a 
thin membrane, on the nnder Niirfnce of wliii^h ia spread nut ft 
close network i^f blood-vessels. In order t^j eeonnini/c spiira 
and to provide a more extensive ?*eci'eting hurfacf. the iiii-ni- 
brane is generally increased by dippinjj down and foiming vari- 
onj*ly shsiped ileproasionfior reccsdca, theac dispreflsionsor recesaea 
lieing cnlW the Kc»cret.irig glunds. 

Tlie secrelinij ;:jlanda are of two kind*, »imj>le and compound. 
The ftimple pfhiiulr* are geiieinlly tubuUr orsaeculiir ^'iivitjct^, the 
tube in the tuhiilnr variety being sometimes so long iliat it coik 
upon itself, a« in tbe sweat gUnda of the akin; tliey all open 
upon Uie surfiicD by ii ftini^le duct. In the conipnuml ginndji, 
tbe caviticK are anbdivided itito smaller tiibuhir or tuiccular 
eftvitie!(. opening by Hniall dncl8 into the main duet wliieh ponra 
tlie seeretion npon ibc surfnci". 

However sinj|i[e or (uini|iHi'ai(?d thp i[ivobitPil wui'faee> the 
aeereting proet^r^a is eKtentially tbe same; and in tliis procetM 
tbe nncteatcd cells piny the most important |mrt. The^e i-elU 
tttke into tbcir interior those sul>»tiinces from the blood which 
they require to make the special secretion they are set apart to 
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fnvm. converting t\m selected malerid into chemienl com- 
pountk, n'bich either act as solvents., ns in the digestive juices, 
nr pprform -some other office in T.he bodv- The secretion the 
cells ehihuniLe tiscupea fium thuni either hy L'xudation or by tha 
UubtLiig iiiid deatriiutioM of the t^elLs thetiiHeLves. Cells Qlled 
with sfri'Mtiiig^ uiiiUer iiiuy also be iletrLrlied jtuil rsirried out 
entii-e with the fluid j>art of the aeciction ; and, iu all ca:ses, 
new celb speedily t*ike the place of those which have served 
their office. The glands nvc provided with lymphntic:!!, aud hue 
nerve libril^ have al^o beeu found tu tonninale in theiTi. That 
they are under the inHuonco of the nervous system ia ^howii by 
the fact that ini]>ret!sion>( made on the nervous system affect 
the seeretimiP, a familiar insUnce of which is the flow of saliva 
iiilo the mouth, caused by the sight, or smell, or even the 
thought of foo<3. 

The position and functions of the several glaTuls will be de- 
scribeil Liter in connection with digC!<tion and eliniLiiatinn, 

Mucous membranefl. — Thtf mncous menibi-aiie^, unlike the 
serous nicnibranef?, line paasnges and cavities which comniuni- 
CJvte with the exterior. They are all subject to the conuct 
of forrigu anbaliincL's introduced into the body, such as air 
and food, and abo to the contiut of secreted matters; lienca 
their aurfaae i^ coated over and protected by mucus, a thicker 
and more sticky fluid than the lymph which moistens tha 
scrout^ inembraiie^- The mucous membranes of diffi^ront prii'td 
aro contirmons, and they may nearly all be roiluccd ty> two great 
dlvUions; namely, the g-astro-pneamoiiic and th{> genito-nrinary- 

The gnstro-pneumonia riuiL'ous niemhnnie covers the inside 
of the idinienijiry ^^aital, the Jiir-pstssujijes, and tlie cavities com- 
rannicatmg with them. It, comineni^es nt the edges of the lijM 
and nostrils, proceeds lliroLi^h month and nose to tbf? ihtU'it, 
and thence is coiilhiued throughout the entire Icjigth at the 
allmeabary canal to the anus. At its origin and termination 
il is coiitijiuous with the external skin. It also extends 
throughout the windpipe. hronebiiU tnbcs» aud ait^aacs. From 
the interior of the nose the membmoo may be said to be pro- 
longed into the Ifiehrymal paasa^ca, and under the name of 
conjunctival niembrftne, over the fore part of the eyeball and 
inside of the eyelids, on the edges of which it again meets witb 
the fikin. From the upper part of the pharynx a prolongation 
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extenfls, on each aide, along the piu^^wge to the ear \ and ofT- 
»el3 in the alimentary canal go to line tie saljva:y, pancreatic, 
ami biliary duetr*. anil tijo galM>laiiUL-r. 

'LliK gtsmto-nrinary mucous membrane linea the inside of the 
blaflder, aud the whole urinary tmct from the interior of the 
kidneys to the meatus urinanuH, or oritiue ol tlie urethra; it 
aUo Vines the vagina, uttiras, and FiLllopiiin tubec^ in the female. 

The iDiicoutt niemlji^nes nre flttacbijd to tha pai'ts beneath 
thyiii by areolar Ha^iue, here lutmeil *"siibiniicoiiB/' iind whieb 
differs greatly in quantity an well as in consisteticy in ilifl'erent 
parts. Tbe eonneeibu la in some ease^ elose and iirm, as in 
the cavity t>f tlitr nose. In other instjinees, especially in rsivities 
siiibject to frt'tjuent varirttions in (!!V|>aDity, like Uie g-uUet uiid 
atomach, it a lax ; and when the carity is nartDwed by con- 
traction of its cuter coatj*. tbe mucous nieinbrane w thrown into 
folda or fwjce which disappecir again when the cavity is dis- 
tended. But in certain pavU the mucoua membrane forma 
permanent folds that cannot be effaced, and which project con- 
spicUDUJily Into tbe cavity wbicii it line^. The best marked 
examplo of the^e folda is seen in the Mmall intestiiiei where 
lliey are called viili'ulis t'i>7iriivente6y and which are douhtle?*n 
provided for increasing the amount of absorbing surface for the 
prdduets of digestion, Tbe I'ednesa of mucous inembranea id 
dne to their abunilant supply of blood. 

A niueiius niemlirarie i^ eompnsed of a layer of connective 
tUauc called the [^oriiirii. and Ity a layer of epitbehuui which 
coveia tbe anrface. TJie €pitheLiun is tlie moat i^oii^t^iuL pail of 
a mucoua membrane. l»ein>,' i;oiitiiuied over certain parts to which 
the other parta of the membrane cannot bo traced, aa over the 
air-aftc8 In tlio lunga, and the front of the cornea of the eye. 
Jt may be scaly ai;d stratilied. ivs in the throaty columnar, as in 
the intestine, or ciliated, nti In tbe I'espiratory tract. The 
mucus which moistena its surface ta either derived from little 
glands in the nnntoua momlirane, or from the columnar cells 
whith eover ibe -iurfacts Tbe coriam of a mueous membr.uje 
ia composed of either areolar or lymphoid connective tissue. 
Tt IH nsu^lly 1xknnib>d ne^t to tbe epithelium hy a baaement 
nienihraiie,^ ajid next to the siibiiiucoijs tlsHue by a thin 

> A biaeiiicnLmaiutnuwisroriitcd by n layeroF DcmiifecLlve Uiuae cells julnvd 
<dj^ to edgV' * 
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Liver nl iilim nmsciilar Li.HttUi; tcrnieil Lht; tnm^culiirift jnitcon^si 
tl)i^ Uj'cr II Jiot ulwityd proaaut. The connective ti&sue layei 
vanoH mucli in tstrui^ture iu difftirent i>arU; the l^'iuplioiJ 
variety i» in ueitain places picftily iiicreivsuti iti amount, piwkud 
with lyinpliuiU cuJIs, and forms thi: fiulitaiy folliulea aud 
PeyeT''s patciit^ detii;ri1>ed iu Chapter XII. 

The stuiLll l)lo(>d-ve!Wela conveyilij^ bUnnl to ihe mucous mem- 
briinefl dividt; in the uub-mucous li^ua, mid buud smaller brauche^ 
into the coriuiii, whert- they form a network of capilliiineK juhI 
under the biLsement memb^LJie. The lym- 



phatics aha form netwifrks iJi the corium 
and communicate with Lnrger vcssek in tlie 
6ul>miicou,s tissue Inflow. The free suiTace 
of the iiiucoiiJi inemhc-aiie in in some puitd 
plaid, bnt in ntliei-s ia beset with IiIIIl; cmi- 
nenccr* nanicd piipillu; and villi. 

'J'he papillffi arc best i^ct^n on the ton^uo; 
they arc i^niJiU processes of the corium, 
mostly of a uonieal ^hapet oontwiuin;; blood- 
vei^sela and nerves, and covered with ept- 
ihelinni. 

Tlie villi are most fully developed on tlie 

inucdLid coal of ihe snudl inl«sLine- Helng 

f J < ^^ ^^'^ Ltlose togetbtr like Lh« jiile of velvet, 

no- W— Atc ivTKj.- ^^^^y H'^*^ » ^liaggy ^^ villouH apiiearance 

TJNAL ViLLUrt. n.v.ii^ to the nienibr-tntr. Thcv fLre little projec- 

j-uhiii..mr iTitbf"um , ^.-^^^^ ^f ^|,y mucous meinU-ane, covered with 

■:, r, ]>iui;ita<Li]iui nuL^i'iL' epithclium, and containing blood- ves^uelit 
fiUrea^-J.b.u.aives.a ^^^j UoLcals, and arc favourably arnuigeJ 
for iibsorbicg nutritive niiittei-a from the inlestiriea, 

Seoteon II. Food- — Under the term " fodd " we incliiHe all 
aub^tancea, solid or liquid, ni^cessJiry for iintrLlIniu The ques- 
tion at r>nce arises: Wiiat su-e these subst^iivees^ anc] how are 
they obtained? 

]f we aiialjze the food we daily rnkrt in(o onr months iind 
iiiLnidiice j[i(u the alimeiiUiiy riiiud, we Hitd it rit-iiarabh' iiit.o 
two divisiotia; viz. that which is nutritions, and LluU wliii^b 
is innutridnus- The uiitrtlious portion- that which ctvu be 
dige&tcJ, atMorbcd, and munde usi: of liv the 1»ih1vh is generally 
apoken of under the name of food-stuffa i>i food-prinoiplt« : the 
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innutritious portioti, iiditally hy far tliti Einvtller oi tbo two divia- 
ioua^ ucv&v eiitui-a tlio bod^ at ali, properly speaking', but piisses 
tliroiigh the tblimcnUry canal and id eitcreted in the form of 
feces. 

Food'Stuffi are composed mninlj'' of the elementary ehemical 
BUbsUEiuea, — oxyfjen, oavbon, hydrogen, liitrof^eH, — and ihaj, 
aooordiiig to ihe var-ying proportionK in which these chemical 
element combine, foini live diiilhict and difTerent classes of 
food-stuffs^ These are : — 



1. P rote ids. 

2. FaU. 

3. Carbo-hydrates- 

4. Water, 

5. Saline nr mhteml matters. 



EProteidftH — Protcida form a larpt^ proportion of all living' 
bodivM, mid ai'c an tiftsonlial part r>f ail living 4truotui<ed, They 
cout4iin on an avcra^ in every 1^ piirtc about: — 



Oarbun 53 fiaria 

llydnigeu 7 " 

Oityj^t'u 2i '* 

Nivtog&a IG '* 



with usually a little suljtliiiE- iifkI Kintietinie^ a trace of phoH- 
phuriiH and iniri. TlifV aii^ the o[ily rnoJ-MtuffH that contain 
nitrt^en in any appreciable qntintity^ and arc aometimea 
claaaed a^i *' nitrcjgenoiia" food-atnffs, Prnteida occur In the 
ffirm of alhittntH in tbo white of ef;g (egg-albumin), in milk, 
ill blood and lyinpb (rtcrum-albumin); in tbti form of casein iv 
milk niid chccsv ; of mr/oitin and ajfntonin in rnusclo ; of uitellin in 
tlie yolk of i;pgB ; of iftiiliri in [lonn Allied Uj jjroteids are the 
eh<milt-iti, obtained from tartila^, nnd the nchilin^ obtained 
from other varicjiius of connective tis^^ue^ by boiling. 

All proteids yii^ld peptones vei-v readily at the temperature 
of the body iindE^r tho action of the acid gaatrio. and alka- 
line pancreatic juleo. These peptones are highly mitubh.' bodice 
and readily ulbsoilied' 

Tl»' foods tli^t art* most rich in the rarioiw forms of prol^id:) 
are iiwwU milk. eggs. cIiecHe, all kindii of TimIi, vvbtj^U, Ix^aoM^ 
and oatmeab 
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Fate- — Pate are composed of carbon, hydrogen, and oxygea. 
They contain on an average in every 100 parts; — 

Carbo[L 76.5 parts 

Hydrogen 12 ** 

Oxygen 11,5 ** 

The moat Important Fata are stearin, palmatin, margarin, and 
olein^ which exmt in varying pi-oporttons In the fat of animals 
and vegeUble oils, and in milk, butter, lard^ etc. The brains of 
animals and the yolk of eggs contain a complex phosphoriied 
fat, called lecithin. Fatty matter?* are very abundant in olives, 
sweet almonds, chocolate, castot-oil bean, hemp, and Hax^eed- 
Most of the fatty substances of food are liquetied at the tem- 
perature of the body, and are readily oxidized, probably on 
account of the large amount of carbon which they contain- 

GarbO'hydrates. — In tht; carbo-hydrates thei'e is sufficient 
oxygen present to saturate all the hydiy>gen and to form water; 
hence their name- In the fats, there is not quite so much 
oxygen as hydrogen; water is, therefore, not formed in them, 
and in this particular they differ from the carbo-hydrates. 

The carbo-hydrates contain in every 100 parts about ; ^ 

Carbon 44 parts 

Hydrogen 6 '* 

Osygen 50 ** 

The principal carbo-hydrates are starch and sugars. Starch is 
found in wheat, Indian corn, oats, and all grains, in potatoes, 
peas, beans, roots and stems of many plants, and in some fruits. 
In a pure state, it appears as a white powder, as in arrowroot 
and coriistai^h- Under the influence of dry heat, starch may 
be converted into a soluble substance, called dextrine; and, 
under the action of certain of the digestive juices, at the tem- 
perature of the body, into sugar. Of sugars there are several 
kinds: cane sugar or sucrose^ obtained chiedy from the sugar 
cane, beet sugar, and maple sug^\r ; grape sugar or glucose, found 
in grapes, peaches, and other fruits (it is also readily manufact- 
ured from starch); milk swjar or lactose, obtained from milk- 
Car bo-hydi-ates are readily oxidized; together with fats, they 
are often classed as "non-nitrogenous" food-stuffs. 

Water is a compound of oxygen and hydrogen, water being 
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productid whenever two inoleculen (jf bydrogcTi imitt with one 
of osygen. Next to air, wjiU^r is Die moat iK^t^ssiiry principle 
of life. It fomifi al>oni wovfiily per tivnt of tbt uiitire boJilj 
weight- It is an essential f«>n8tituont of all the tiflNues, ru 
well an fonninrr the diief pjii-l. of i\\} tlie flukln of tJ^o l>ody> 
It ft^'U as u solvent upon viirinie injjredientfi of the food, Uqiio- 
^n^ them and rencloring them (^ainLhle of absorption. Most 
of the Witter of tbe body is taken into it from without, biit it is 
a]<<o fornmd within the h<idy bv tlje union of hydrogen ^nd 
OTy^n in the titf^nest. 

Mineral i&lta^ — The mineral subetaneea ehitifly necessftry for 
nutrition aiv : *- 




Cliloride 
Vhos(i[»atB 
t^tdphutt' 
Carbonate 

Phosphnte 
Carboiiatt; 



of soda and potasfa. 



of lirae Eutd raagrofiia. 



Of ihes** siihstaoi^eft, I'hloriilf i\f muhj, xoiiitria Mori^fe or <:t>mmtm 
gate, h tbe mosl imjiortjirit nilnerid ingredient of fiW, ll U 
(^ontuined iti nearly ovcrything we eat, but usually not in NiifTv 
cient quautity to supply all tlic reeda of the l>odj» atid we 
thei'efoi^ a<Id it us w di;]iHuate article of diet* It is preat^ul in 
modt of the fluicb of tbe body, notably in the blood, the fluidity 
of which it h<:lp4 to mainUiin- The rest of the niineni! snb- 
alAuce^ nre usually eoutaijieil in eufhcient quautity in an otili- 
nary diet, though oee^isionally it lieeonies neoGHsary 1i> nupply 
Cheni independently- Of all the mineral salts, photpkatr '>f Ihne 
eKiBU in tht large^ii quantity in tbe body ; it eiilern largely inlo 
the composition of the boTies^, teeth, and rartilages, and gives 
1innne*M and aolidity lo the tissues. It is prpaeut in very 
sEiiatl f|Li!khiitii-H ill tbe Imdily Huids^ with tbn exref>tinn of 
milk, whii'b conbvins it iiotahU amount of phot^phiitt* of lime, 
and n'bii^h in phiiidy provirlril for the cusirieatlon of the gi'ow- 
ilig U~»uos of infarits and y^oog i.bildreu. 

Oh«niical compotution of the )>ody» — I'rofeftsor Atwater gives 
tho folh'wing average composition of the body of man* weigh- 
ing 14!i j>ouudfl; — 
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142.9 



Oxygen 92.4 

Carbon 31.3 

Hydrogen 14.6 

Nitrogen 4.6 

Calcium *J.S 

Phosphorua . , . , 1.4 

Potassium 'M 

Sulphur 24 

Chlorine 12 54 

Sodium 12 

Magneaium 04 

Iron .02 

Fluorine 02 

The humatk body, imm a chemical point of view, may be 
regarded as a compound of three lar^^e ciassea of cbenaical sub- 
fitances ; viz. proteids, fata, and carbo-hydrates associated with 
water and mineral salts. 

In our Rrat chapter we said that protoplasm was the basis of 
the life of the body, and from that point of view we may look 
upon the human body as an assemblage of variously modified 
protoplasm. But it coufea to the same thing* for the chemical 
composition of protoplasm, ao far as it has been possible to 
Analyze it, has been found to agi^e closely with that of the 
fully develojied or^nism. 

The proces^ses of nutrition that take place in the protoplasmic 
cell are essentially the same as those which take place in the 
fully developed body, with this exception, that in the one case it 
is a very simple, and in the other a very complex, process. In 
both cases, non-living chemical substances are taken in from 
without, and converted into material which is endowed with 
that mysterious property we call life. 

To support life, the different food-stuffs must be tuken in 
proper proportion ; and, in order that all the tissues and fluids 
of the bodj' may continue in good condition and perform their 
functions properly, tliey must be supplied with all the ingredi- 
ents necessary to their constitution. A man may be starved to 
death at last hy depriving him of lime phosphate as surely, 
though not as rapidly, a^ if he were depnved of albumin or fat. 
Many a patient in less well-instructed times has been slowly 
killed by deprivation of water, or by exclusive feeding on beef- 
teaa and jellies. 
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Average con^poaition of miJh, bread, and meat — Tlie following 
rtn^lvKc^ lit llic I'oniposition of tliruc sliipk iirticles of diet — 
milk, bread, uud ine»t — ara taken from Djdtoii, 

Avemfre eonipusilkin of milk in 100 part^ : — 

Witter S6.4 

Troteids 4.3 

Sugar 5.3 

Fat 3.7 

MmeraL stilts 4 

Average compoailion of wheaten brcud in 100 (larLfi : — 

StarcLy mattera 5t?.T 

rmlL-iih 7.0 

Fatty matters 1.3 

MinerLil salts 1.0 

Water 34.0 

Average cominMiLiiJii of btirjf dusL : — 

Water 77.5 

Protcida 16.0 

Fat 5.D 

T^incral aa^ltn ,,,...,,... 1.5 

ConolTiding remarks. — Tlic i|iiainjh- and also the kind of food 
each jmlniduiil daily requires di^pcndd eiiieUy Upon Lhe nature 
and the ainnunt of the work )ie is called upon to perform, and 
the ccindition^ of the climate in wiiich he Uvua. Univci'sal 
experience h\\ti tJuij»ht iw t\v.n the best suj^taineia of life are 
mUk and bread and water, with a certiun amount of meat and 
faL ThcMt? should form the liasis of :i1I our diets, though ikul 
t^i the exfliMJoii of otlii^r fiind-NlofT-ii, for it has al^o Ijecii prnvi^l 
iJml a Miixeil diet in always bo be preferii^d to out? that con^bls 
constantly ni ilit* .saruL' articles of food- 

To d^^tcniilnt* thc^ n?hitive dj^-estibilily of foodd is a very dllB- 
Gult matt^^r in view of the individual peculiarities of different 
[ie<*[iii*. Stniwlxirries may agree perfectly with ninety-nine 
people, and with the hiindi'odth, art aft n powerful poison. 
Some pertiond, as we all know, cannot tolerate milk or e^gs, 
and \et, fir.m a elieniieal point of view, these foodn are emt- 
ncntly iiuiULbJe arncletd of dlist. 

The beat diet ii that which containB all the artieles of food 
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necessary for the wants of the body in proper proportions, which 
is i^reeable to the indivi<1uaU and which gWes the minimum 
Amount of work to the digestive orgaEis-^ 

Food to be of any use to the body must 'be digested and 
assimilated- We may partake of an ideal diet and yet remain 
jmpei'fectly nourished, if our digestive organs are out of order, 
or our power to absorb and assimilate digested pix>ducta in any 
way impaired- In our next cliapter we shall describe the ali- 
mentary canal, the accessory digestive organs, and the methods 
by means of which the food is induced to a condition available 
for the uses of the body, 

' For valuable information on the relative value of foods and preparation of 
tbo same for tbe sick, the student u referred to Botand^H " Handbook of lovalid 
Cookery." 



CHAPTER XIV, 

ALlMKNTATlOy TDNTISUliU, TUG DIGESTIVK ArPARATrS; ALl^ 
MEJJTAItY CANAL. AN'D ACCKt^yoUV OUGAN'R. 

Tbb diy;erttivc appunitua Linnaiats of the iilimenUry cnniil. and 
the ftcceusory organs, thu tectli, BQlivary glands, pancixias, and 
liver. By sdtdo authorities the spleen U nUo now included 
amonp thi* di^<jf*tive oipiiii?*-' 

Alimentary canal. — Tin? alimentary canal is a nmsculo-mein- 
brauous lube extending fmm the mouth to the anua. It is 
abiUit six times the leng-ilj of tlie Inidv, :iiid the jj^rertti-r part of 
it is coiled up ill Uie cavity of tla^ ulHlnnit-n. I'he diunietL*)' of 
the tube is by no means uniforni, being uuiisideraUly dil<tted in 
certain juiLs of iUs i^oiii>ie. It ts eon]pf):%ed of three iroiiLf from 
the mouth to where it jiasses through the diaphragm, aod of 
four coaljs iu the abdominal cavity- Tliese coals are: (1) tlie 
mucous i (2) tlie sub-mucous (described in our last chiiptcr) ; 
(3) the muacuhir; (4) the sei^oua- Thu muai^ular coni ia com- 
posed foe tljt moHt part of unatripcd mu^oular tibres, the luyera 
of which arc disposed in various waj's, Ihi* most guuenil aimii^iB- 
ment Jk'Jii^ in a longitudinul and cireular direction. By ibc 
ftlttnuite con traction and rehixiition of IlLieti aii-anged in this 
fHflbion (the contractloiuj starting from at}Ove), the contents of 
the tube are propelled from alwjve tlowjiwanN, The serous coat 
i^ derived from the j>eriloneaTn, whirh is ihe sproiia raeiyibrTine 
lining th^ walK and covering the viacera. of the abdomen. 

Inio ihi^ interior iif lli** alimonlftry lanal are jjoiiied seci-e- 
tioiiii fntni tinr gland> in llie iniicoiLs membrane, with whicli il iu 
lined* and alao z^erretioos from the accessory glands, which lie 
oiit'*ide the caiiiil ^xwd are connected with its interior by diict«. 

The alimentary t^auLd for convenience of dc^iicnpLion may be 
divided into:^ 

t Plat« V ] I . fthanri r^Uilvp poftUlun r^r dIgeiUva OTgnnsIn abdcimLnal mvUj, 



UNE UBRNR\. ^^WttWa VJ^^'^SSS 




Flatk YIL — KBtnoffi of thh Adduuk.-v and thrtb CtwrrBBTB fEixjH oriXniTAt. 

CA-RTILAQRII IN DUTTED UIITUVK) - 



For roTi\i?pl(inte of clHHcrlptloii ihn abftompi] miy 1* HrMfirlally divMed Iota nine 
rrk^ciii?i bf LlriLninc Iwh rimiliir lines roumJ (lir IhkI^v |tarulli'] wirJj tfh^ i'artiJiii;i-n of 
tho iilnl li ril)r4, niiil ihc lii^hi'aL fUJidt -iT the t:n^«if( -ti tln^ Ilia ; adJ Iwd vurtiral IIlics 
from Ifar rnrtjlii^ t}f Ihc '-'l^litfi rlH an pucIi xMr- lt> th'' ■:oiitrn of l'<rdpArl^« li^mejit. 



Tlrt* r\irht liib« u1 ihn liver mil 
thr Etall^MiJiJuri ]ir|4UE' dtJLUrc 
or lh# 4i>l'in. Brul parE «r 1li« 



Erraidtitii' l^r^Jion, — Tbn 
mliNllf Abil Lrylunr mil uf tbd 

*1 Vtl, ll^ft ]l>t|1 Vt t^K- lIlIT, 

[itru "\ ini< iiLlilhev'« ami ifHi 



Lrn IT yprtcimvnH a n.— Thi 
pltLunlt- rn'l nf Iks Jitfpiria'-h, Ihp 



Riairr Lrim^it. — ApuvM- 
la|r iHpl4iiL, yarx nrUtu rUlit Xlil- 
noj', aM iumi' LiicvuliitlnDB of 
Uia tnuU iDioiEliiBL 



FHBit.irAL Kinnir. — Tba 
mnnwrni (wlaB, jiirt tir Lha 
grmK 1^1*11 arnand muDQlarv. 
iniiBV^'nifl jdrL i>r H\f liufAf' 
nuDi, ami noiut n^mi'lulliiiin nf 
Ibii ]c|iPriiuD tnd Ulam, and 



oilim, |.ari uf iM' iiini'iirurn. 
jUirT of Ib^ ]<jft kldiwj. and 
tnlilr-rnnTnlpIldlla rpf tl|« 
ijiinilJHB, 



TbeaHum, 4pjp«i4U uuuU 



Hrmfliirtni* KEnm?! — run- 
fill Allium i>r 111'' "inuU IqI^b- 
tiOBf,, (he li!M]J>-r in rlilldrpb, 
ami ■□ vliiltii ir illKienrliHi. and 



I.,ert [■niinpAL (liiKnk 



IM 
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Mi:>vjth, containing tongue and tfetlt 
Pharynx. 

StomiiL'h. 

iPnodonum. 
JcjiiiiiiirK 
Ilium. 

Large intestine \ Coloii. 
i Rectum. 

Mouth or bnoofll o&rity (fi'lr Fig-, 96y — The mouth is a nearly 
ovnl-s[iii|HL;d I'JLvity witii ji Iixed mof nml min-iblu door. It ia 
buunded in front by tlie li|>8, on tbo aiilea hj the <<heeks, below 
l»y tile tnngiic, find above by the piilate. Tliu piilate oun- 
s'lHts of a. hard |K>rtion 

in front fomieri by "^ 

t>niie. (^ovrrerl by mu- 
cous iremlmmt?, nnt] 
cf A soft [jortmn be- 
lli ml con t iki n i rig n o 
lx>ne. The haril i>fthtte 
forms Ihc imitilion 
between the mouth 
anil nose; the oft 
|>;il^te aivhes bac^k- 
wanl^it and han^ like 
a cnrlaiii l.«tweeii tlie 
mouth nnd the ]>hn]'- 
ytix. ll.m^rin^r fmm 
the miihbe of its Imver 
border is a |ioi[Jtud 
portion of the sipfl [»!- 
ale Cp-tllcd the nvnln; 
arirl arching oulwaids and downwards from the hnso of the 
uvuIa on each side U) iho if*of of the tongnc are two enrved 
folds of mnacnW tiasue covered l>v mucon-i mcmbmne, calU'd 
the jidhii'F^ oF the fauces. Jo^^t lh.^fi>rL' r^arliiii^ the ton^ne, 
th<t twi) |>ilUi's, on either Kid«, are sejfaratcd l>y a triangtdar 
ajMitje ill wlik'h lie the small mjwsea of lymplioid tlaaue ealled 
the ton^^ils. The fatieea is the name given to the iiper- 
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ture leading from the mouth into the pharynx or throat 
cavity. 

Tlie mucous membrane lining the mouth contains many 
minute glands which i>our their r^eoretion upon ita surface, but 
the chief secretion of the uioutli is supplied by the salivary 
glands, which are three pairs of large compound saccular glands ^ 
called the parotid, submaxillary, and sublingual, respectively. 
Each parotid gland is placed just in front of the car, and it4 duct 
passes forwards along the cheek, until it opens into the intenor 
of the mouth opposite the second up[>er molar, 

The submaxillary and sublingual glands are situated below 
the jaw and under the tongue, the submaxillary being placed 
further back than the sublingual. Their duets open in the 
floor of the mouth heueath the tongue. The secretion of these 
salivary glands, mixed with that of the small glands of the 
mouthy is called saliva. 

The tongna. — The tongue is a freely movable muscular organ 
attached by its base to the hyoid bone. Besides beiug the 
si>ecial seat of the sense of taste, it is a useful aid. in mastication 
and deglutition.^ 

The teeth, — The semicircular borders of the upper and lower 
jaw-bones (the alveolar processes} contain thirty-two sockets for 
the reception of tlie teeth ; extending over the bones and a little 
way into each socket is a dense insensitive flbrous tissue covered 
by smootb mucous membrane, the gums. 

There are two sets of teeth developed during life : the first 
or milk teeth, and the second or permanent teeth. The cutting 
of the milk teeth begins usually at six months and ends with 
the second year; there are only twenty of these teeth, and they 
are replaced during childhood by the permanent teeth.^ 

Each tooth consists of two portions, the crown and the fang: 
the crown i)rojects into the cavity of the mouth, the fang is 
embedded in the socket. According to their shape and the use 
teeth are divided into hicisors, canines, bicuspids, and molara. 

" For descriptiim of compound glatids we Section L CUapler XTV. 

1 A dviailei) de^i^ription of the ton^e will he found in the chapter on the 
organs of eiK-cial ni-nsc. 

' The milk iceiK arc usually cut In the followinff order, the teeth appearing 
firet in the low^r jaw: central IncisorB, Tth month ; lateral incLSors> 7th to 10th 
month ; front molars, 12th to 14th month ; canine, I4th to 20th month ; back 
molatB, 18th to 30th month. 
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Beginning in the mitl^lle line of each jaw and counting fj'oni 
before Iwu'kwsinlH, tlicre jire four incisors, two canines, ffiur 
bicuspids, and slk niolai-:^ in tiie ii^iper sLtid in ihe Louver yivr. 
The incisort* have wide sbitqi eilges, and wra ^^eiihiWy uihijiied 
for cuLting Lhtr food: tht; Ciiniiics. or eye tt:t:tli, Uave h sharp 
pointed edgr^, ^ri; longer than the i[kci:T^oi-^, anil fire ^peoicLlly 
useful for tejiiin^ food aaunder, 
or. 84 in dog^ and other car- 
nivora. for holJiiig pi'ey. The 
bicuapids, or fnUe grinders* are 
bi'oader, with two points or cvw|ia 
on each orown : these teeth have 
only one f'^^g-- ^^le fang, h4»wever, 
bt'ing more or le^B complelt-ly 
divided into two, Tlie inuliir's, 
true grinders, have In-oad 



ur 




ci-i>wita ^vJth aiiiidl pointed pro- 
jections, wUivh miLke tliern well 
fitted for crushing and bruiaing 
the food: they each hfive two or 
three fangs. The twelve mohvra 
do not replace the milk teeth, but 
are gradually added with the 
extension of tlic jaws, the hl!*t or 
hindermoHt tnolars nrt rtppearirig 
until twenty-one years of age : 
they are cfteii on this account 
called "wisdom teeth." 

The teoth are composed of 
three bone-like lisnues, enaim-I^ 
dentine, and cement; these sul*- 
Htance!* ftre all harder tkau bane, 
enamel being ihi; lumiest ti.^:4nc 
found in the l>»>dy. In the inle- 
nor of eiieh tooth b a nivity, the pul|>-cavil3', whieli is Slled 
with a highlv vaHcuLir and nervou>i ti.'-^ue called the dental pulp. 
The teeth are develo|H?d from epilheliuni in minrh the anme way 
Bs the hair«; for deseriptioii of which see [Mige 19i. 

The pharym, — The phai-y'^x or throat cavity in a murtcTdri- 
memhranoLis luig, Mha|>ed aornt^wlmt like a cone, with ita bro;id 



Phahtki. witr thu T-AKVMX *rtll 

1*4 fSRr'Tiu?i. a. verLifJiiiil mliimii; li. 
jEullr'i : f, imdieii: if. Uryni , f. o|iU 
i;1m[i4, /. nitfi piEjittf, Itrtpwu/ a»d r 
la Itic ii[ii'LiEii|e at liiirk. i>f cu^jlj *'T 
intuvfi, •i.-'iKn\"t: nf EiiAlm:]jUii l»\n\ 
h^ iiiubil ('a>'lly; k, tohgniv-, i. hbnt 
juJnU , m. B|a]i«rio1J Lfcfim at bfiiu »f 
tkull , fi, tf^iT i>f iihaaI levity; p,p.if. 
plHcpil Ln njisiiL i-ivvtty- 
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eiul turned xipwjir*Is, jliiiI its uuiistrL<5ted end downwiinls to 
eiLiI in dm f^si}|i1iji^us. It. [& iilnnit Tour und a b;dr hirlit^H 
long-, and lies Ijehind the nose, mouth* and hiiynx. Aljove. it 
is connecttid with tlie bitw of ihe skulJ, and behind, with tUo 
ceiviual vertebvju ; in front iwid on uftcU side t;re npertaj-ea 
which uomntiiHcate with the noae, eui'S, mouth, and bti'j'nx. 

Of these aiicnnrea there are sevon : two in front fthove, lead- 
ing; into the hack of the Jioae, the iiostei-ior narea; two, one on 
either side above, leiidinjr into the EuatfU^hian tubes, which com^ 
tuimioato with tht* tiAva; ona midwjiy in front, the fnuces; und 
two beh*w, one o^jeniug inl*^ the larynx and the other into the 
ifsojibagUH. The inui^ous meinbrjuie lining- the [jhai'yiix is well 
Hn[i|}]ied Avitb glandf^, and nl the baek of ihe iriLvlly there is n 
i;onf^idenii>ie itnisn i)f lyni^rhoid tlssni?. The niusi:nhu ti?istie in 
the walla of the pharynx is of the striped variety, and when the 
act of swallowing is about to l>e performe"! the muacles draw 
the i)harynge;ii bag in>wav<is und dilate it lo receive the food; 
thoy then I'elax, the bag airjks, and other musclea coutJ^cting 
U[>oii the food^ it is praised dowtiwairds and onwatdfi into the 
ajrioijhatjii^i. 

The oesophag^a or gullet- — The cesopha^us is a comparatively 
strai^rlit luijy, abuui nine inches lourr, extendinjr from the 
phiLryux, behind the truehea, und through the diiiplimgin. to 
its termination in tht* nji[jer or cardiac end of the stomai?h. 
The muscnhir libres in llu- walls of the o-sophagns are arranged 
in an evlernal loiigitnillnal aEtd in an internal circnlar layer. 
The mtiGcus ii>embraiie i^ disposed in longitudinal folds which 
disa[Ji>ear upon distension of the tube. The mucous mem- 
brane in the mouth, phurynx, and waophagus ia covered for 
the moat part hy stratified epithelium. 

The stomach. — The atonmeh ia the moat diluted portion of 
the alimentary canal. It 13 curved upon itflclf, so that btlow it 
presents a long, rounded outline, called the greater cotvatore, 
and above a constricted, concave outline, called the iesacr 
curvature, 

It is placed transversely in the abdominal eavity, inimetliately 
beneath the diaphmjjm, the larger expanded end lying in con- 
taut with the spleen, and the smaller end under the liver. The 
stoinaoh has nei'eBsarily two opeuiugs: the orje leading into itie 
(esophagus \x usually termed the cardiac apui-ture ; the other. 
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leading into the HmiUl intestine, the pyloric. The pyloric aper- 
Uwa is t;uai-dcd b^' a hiud of valve Cfjiiipojsed of circular nuia- 
ciilftT libred, wLirIi form a iiininliiotod i-ing projecting into the 
pyloric^ opening. By this armngemtint, tbe fond is kept in 
the stomach until it in i-efidy for iuttyslinjil digestion, wlien the 
circulai' tibres reUJC and allow it tu pnaji. 

When modei-Ai^ly distended, the btomach meftstireti ahout 
four ini'htiH vertiuully ^nd twelvi? indies from side to side. It 
. h\\A four COU.L4, Tliu outer -seifiUH t^ri^tt Ih formed hy a fold of 
ihs peritunt^um- The fold is slung over the HLomaj^h, iii 
much the t^jime wny an 
we alin^ A towel over a 
clotheA-liiie* litid covers ib 
before \M\d l]thind- TLc 
anteiior and posU'i'inr 
folds unite at tbe lonur 
Ijonlti of the ?itom!u;h 
nud form an apron-like 
appondii^^e. the oiDentnin, 
which covera the whole 
of the iniestines- Tlie 
onieiituni often ntii tains 

» large amount of fat. jm. ffr,^VinmriL A:-n L.w«iruDiNAL s.o 

Tlio niU.-iCnliir roat of ttuh or St-hia-it *vt> TUnmiixra. t.uiaof^u^ 

U. - f jcuj, mi KB iraldriinl Mitfac": ihc fnMrt nr mgn.' of 

le at4:fniaeJl llOnSWU Ol |^^^. ,i,u^„„a membraric" are sh^wu; J, <'ardino 

three Uyet^ of linatriped onll^of stomm-U; n.lflu*ircur>-Atii™; <!,gP«ilHr 

muscular tlSdUe: an outer, pylorn.- nritlri.-i lU. Il, l:t, int-rmr or flualenuiin 

formed of loniriludiiuil 'Im^'lna vnlviUaMnimlvenip*; il^,auct*'Dnveyli« 

- 1 11 f ''^^ ^^''* '^"^ [mil- mill Ic jiili-fl Iiao Uiuitkmjm; IS. 

fibres; ci middle, of eir- cyinmHuwuieiiiot Ji-Jmiiuu. 

rular: and an inner, of 

lest* well -developed, obliquely disposed fibres. The alUnmte 

contraction and rehixaiion of these fibres causeH the food to 

be enrried round ami ronnd the stomach, and at Lhe same Lime, 

snbjet*t« it Eo coiiFiirlt'i'ahle presftnre. 

The miieona memhrAiie in very soft and thick* the thickness 

liein^r mainly due Ut the fuet th;iL it \s deohtly packe<l wilb small 

tubular glands; it Ls covered with columnar epithelium, and in 

]b» undi»tt;ndud condition i» thrown into folda or rugfc. The 

aurfaee is hnncMionilvcd with tiny tihalUw pita, into whi^'h ihe 

(iuutA or moutlis of the tubular glands opun. The ghuida are 
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of two kindhi, and Betri'ote mucua, and the upeeinl Becretion of 
tlje [iloiniich, the giistrii; juic'e- The Ktomauh is sujiplied with 
nerves from the eyinpathetic system, and also with braiichae 
from the pneumogantnc iiervt?, which eomeii frora the cerebro- 

The small iDteatine. — Tlie snr.i1] intestine dlla the gr-E^nl^r 
part <jf lh<.' hiiEiL. of the n-hdominal {^Hvit3^- It i^ iti>nut twenty 
feut luEig, twti inchtTs wide at iti* ^rjtstiio end, and nuntjws to 
nearly mie and a qnaiter inches where it 
joinj* the lart^e intestine. The araall intes- 
tine is Oividfd by aiiatomista into tliree 
portions. Tlje firat ten or twelve inches 
it! crtllerl the ducidenum ; the succeeding 
two-tiftlis, tlie JL'junuui; uud the rest, the 
ilium. The inteetincs are invested by a 
fold of ilio pent'^neum in mui^li the same 
way as the sWnniieh. Jn Una situation, the 
fold nf the peritoneum is called the me- 
sriiii'rv, Hiid betvifen its two layers Are 
n I ni it'i I nis blo< nl-vea^uls, lymphatics, and 
lyuiphjitiu gbiudfi. 

The [nl]^(.'uhl^ coat of the ainall interline 
hjis only two Inyei's: fln outer, thinner and 
longitudinal; and an inner, thicker and 
circular. 

The mticous coat ia highly developed- In 




Fill- fia. — An IjhTes- 

nsAL V'TLMil. ri, ^J, II, 

diluQi Ti n r P| i1 the I ) iim ; 

c. r. l.viiipliijia liwiw the fitut pliiee it ia largely increased by 
Aiid miukiJfl flbrei; ti. bein^T arranged in perraanent folds, the 
valvmiD coiiiuventcs {vufe rig, 9Tj, which 
project ti'ansveraely into the inteiior of ibe tube. The onward 
nourwe oF the food i^ delayed by beiug caught in the hollows 
fonned by thewe folds, and tlius nniie ihnriKiglilv siihj'-uted to 
the atstion of the digestive jintLer^ : tliis ainLiigeinent also afForild 
a lai^er surface for abrtorption. The valvule tionniventes are 
not Found in the beginning of Ihe tluoilennin. but begin to 
Appear one or two inches from tlic pylorus; about the middle 
of the jejunum they begin to decrense in size, ftad in the lower 
part of tho ilinni they almo.^tt entirely diwap|>enr. 

Aptin, the t^urfn^io of the mucous mcmbmne is increased by 
the fingei'-lika projeetiona i*hicli are ho closfl set an to give a 
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ehjfcggy or velvety apptaraoce to the membrane. These projec- 

tioiia or villi, tie lliey art: termed, extend tliroughoub the whole 
length of the small intestine, and itre especially pi-ovided for 
purpOJ^es of iibrtotplion. Ivioli viilua ia a portion of the mucouH 
Tnembmne« mid conai^tfi of an eictemtil layer of oolumnitr cells 
atiaoht^d to ii kisement menihrani?, anil a eeiitnil mass of lym- 
phoid tissue. In the centre of eiiL-h villnft is* tlie rootlet of a 
laeLeal VHsseh wliil** unrler the ba^eineitt mendirana is a network 
of rapilhiries. Tlie lilnod-vewNtilH Aiui lyniphalies of the villi 
(^oiiiiniinicAie witli networks of liolh vpj*seU in the snUmm^niis 
coat below. Uesides these projections formed for absor^/tion. 




fCadinEr) 1, epnir*» of the fcland, wUb ilic lj'iii|>hi*ni llpiiin* fnllvn im-ay; li, K|tii}ic. 
hiuii i>I inntfoiiii mi-Tiiltrain«^ *', r, vjlh, wilh PiillhtliiLiii pHrtlj' Imikdb away; rf, ci-ipt^, 
or glaitili, 'il Ltflborkiihn, 

the inupoTt* membrane is tliickly studded with seeretory glands; 
llii^ lni'g(-r niindker of lhi'si\ found all over the Mirfnec i>f the 
ini^Fitine. nr^ iJLlleil the g-lands or crypts of Lieberkiiltn, wliile n 
amnller niimln'r, fmind chieflj' in the duodenum, iire ojiined the 
dinideOHl nr itiiiniier's glands. ThesK glands arc ftUpponed ta 
secrete the intedtioAl juiee, succut tntfrirus. 

Again, in the rorium of the mut-oiw cont the lymphoid tissue 
id collected intfi numcroiLa i^olllan' gkndd or foIUt^les, and into 

}Up9 of gUnda, the Peyer'a patcheet, tlic func^tione o£ which 
not yet clearly undetstood. 
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The larps inteBtine, — Tiie Urjje intestine is about five feet 
long, ivml lion; two nud a \\n\i to one and a hnlf inches wiJe ; 
it extenils from the iliain to the anus. It is Oivided into the 
Cfflcnni, witli tlio verniiform uppentUx, tlie colon, anti the rectum. 
The f^cnm ^«?fef*/v-*f, blind) id ti lii-yt blind poucrh ai the com- 
rooncement of the large intestine- The small iote-stine opena 
into the Hide wall of the krg-e iniestine about twti ami a half 
inches above iu — the large Inteatiiie'ti — i^dinnieneeEnent, the 
csecuna forming a cul-de-snu behiw tha opemiig- Attached to 

the low*' r end of the i^afruni isa iiiuiuw, 
i,v<j]iTi-like tiilnj nl)ont the fii^.e nf a lead- 
jienniK tlie veimifonn iippeiidlx. Tlift 
iji-riini and apptadix lie just beneritli 
the front ahdnminal wall in the light 
iliac rctjioa ( I'idv l*late VJi.)- The open- 
ing from the Llinm into the large intes- 
tine i& piTkvitlod with two large project- 
ing li[)8 of innoous membrane whieh 
nllow the passage of material into the 
large intestine, hut effeotoslly prevent 
the passage of material in the opposite 
(lireciion. These mueona folds form 
„ ^ , _ __ what in known :ls iho ilio-iifeeiil v-ilve. 

moTTN ^ppKsiiix.K^THAwra The fifhti iniLV Ije sid>divided int*» the 
T:u!vT-.,'~?i:"r — li-ig. ..r.,isv«r«e._a...l descending 
BoncemeHt of culon; a. hi>- colfin. Jtnd the sigmoid flt^xiue, Tlie 
SntM«i»r; H, ili,™cnl vahi: -^scendiiig potion Fons np ou the right 
a. ^ii^Tturo i>i v,-™iif<irm u^j- sido of the alwloinen until it reaches 

the l:ver, then bonds abiiiptly to the 
left, and is eontinued straight acrogt^ the uix]omun iis the tran9- 
vurBQ ooloii uiktil, reaching the left Bide, it turns abrviptly and 
passes downwards as the desec-ndiog oolon. Reaching the left 
iliac i-egioij on a level with the margin of the crest of the ilinra, 
it makes a curve like the letter S, — hence ita imrae of sigmoid 
flexure. — and fninlly ends in llje reetmn. The flvWwin is from 
six to eight inches long ; it pjisses obliijuely frtnii the loft until 
it reaches the middle of the saenirn. tlien it follows the curve 
of the aaernni and coccyx, and finally arches slightly bnckwards 
to ita tennJnatioii at the nnus. The iinal opening is guai-ded 
by two circular muaclca called, reapectively, the internal and 
external BphinotorB. 
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The Urge intestine has the iiBU[it four eoate, except noat ila 
termiTiatmn, where the serous U wanting. The muEcular coal, 
iilong the cieciim niid colon, has a pi^ciiliiir i*riim;renip|it. The 
loDgiLQthiial tibrsM iire ginliereil up \\\ three thick bniula, and 
these biuitU. lelTig sLiirter llijtii the i<esL i>F the tuU\ the waUa are 
puckered l^tweeit iheTii- Thy mncDiis cnat [jrwMtssvs no villi or 
valvulfii eonniventf^^, lint is ii-^n^illy thmwii iitttt effiLcc^blB 
foMH, somewlint like tlicse of tlie rttrjriifw^li. It coiitaina iiu- 
RieroiH glnniK resembling the crypta of LicberkiJhn found in 
th« T^niAll liil^'stiue. 

Ac«euory organa of dilation, — The ticceiisory oi^ns of diges- 
tion rtte, the teeth uiid salivary glands (whic^h have alrcjuly 
beon siitfHciently cl<.'i4cribed), the pauemfia, and the livL^iv 

The piknoroiu. — Tho pancreas is a eunijKiund, se<!reting gland, 




I^D^ 101, — riiKreni'tti VtKw or TAMrhRAn, J. i>niicm», 2. jmncrtitlic tfncti ft, 
Dpvitijif: ^>l c'liDuniTi nln^^r, fi^rniii] \iy iiiilori of p:L]prr'^AiU' um) 4^h»liti1i>i'Unn ilin'tn, Entn 
ddBili-MDni ; .1) jiyltirip oifl nf tir<iiiiiu.-k; /', rfikt>lcjjiim | C\ piiri af |^l]-t»lnildi^r^ /J, 

i;1oHe1y reHembliri^ the >4iklivary glandn in ntriicture, except tbAt 
ihe secreting i*avUies arv rtiicfnlar In the sallvitry gliiiids, ni«\ 
more diatiiirtly tnbiilrtr i[i the pani'iiijw. Thtr i-iivilies nm 
^ouped in lobulea, eiwh lobule biiving il* own duct. The 
lobules are jointed topclhei' by connective tisHue to form lol>iffi» 
i^nd the lobc^. united in the siiiiic miintier. fonti the gland. 
The small ducta open into one main duct, which, running 
lengthwise through the glutid* pierces the coat^ of the duo< 
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deiiutii ziud piniirs its contanb into th« intt^nor of tlie intvHtiTif^. 

Tilt; sccretiun fonneil in the pj^ucread i^ unllud the ^mni^reatic 

juice- 
In almfio, tlie iMncrcM ftomewlml rcacmblcH tl t\t*g'9 tongiie- 

It L» a hat, L'loiig'iitoJ oipiii, nl>out aiic to <;i^lLt ini'liva ui length, 

one uud a Imlf inuhcia in width, »n<l from hnIF im inch to ati inch 

thick. It liesi l^jikeatU tlte grefLter curvature of ihe Htcjumoh and 

lit iha hack of the ulxloniiriiLl ouvitj. 

Tile liver. — The liver ia tha bir|*est ^land in the boil^'. weigti- 

iDg oiiUimrily from fifty to sixty onnces ^*«1 ni^Tunnn^r t^n to 

twelve inches fnnn side 
tn side, sis ti> Kev4*n from 
above d<nvn wfirdji, iiud 
tlir»i*j iiH'hrs frnin In-fore 
hackwiiiilaiii iUlliit'koKb 
pait. It is ft flai'k rtrd- 
dish-lrrowiKirpiin, placed 
in thi.^ u[iin.r right iind 
middle portion of tho 
nh(i>nii?n, and ext^-niiing 
^ ^ ,r „ , , tiomewliHt inUt thv left 

ripiiiir>irti, % ii'UiH.hp; A.i. fMiiuiiiur loij.'a ; V, VJ. hvporhoiidmc region. 

flt(iirfl,iii-"BiUooTliv<*T/'coiitiiii.ingh1lorlm'l,he- "* "|.jn:i t-iiiivtrA hui 
p*ll(iiirtpry,iirid porlMt vptn. fOf^ ftU closcly ir)(0 the 

nmler Hurface of the 
di*|ilirajrnr Tli*^ nnder r.nncave Mirfane i.f tlu' organ Ills over 
thy right kid[]ey» Ihe upjier portion of titc iwrundiug cultm, Jtiid 
tha pyloric end of the stomach- Tl^e liver ia unf<[U,dly divided 
into two lolx-'fi, tl»e right being muc.h ljtrgt;i' thini tlit kft. It is 
covered by ft iiiyor of peritoneum, and ia ftt^o anspendcd and 
kept in position by ligamentous pcritoncivl bands. 

Tlic livLT fiot only diffoi-s in size from llio olhe? secreting 
glands; it also Gffe:-8 other striking |ieeuU;iritieri. First, it re- 
ceivofl ite supply of blood from two diffei'ent sources; nanielj', 
arterial blood from the hypaiJc artery, and venous blood imm 
tho stomach, spleen, pancreas, anfi intestines, by ni^jaus of the 
porta.1 vein. Secondly, tho difftrent part« of the secretory 
apparatna, the i;ella. blnod-vc^isels. and ducts, instead of being 
■.rrang-ed ah elsewiiere in diwtinot lubes or sacs, are clasoly 
united and inafMed Logetber, The eecretitig cella are collected 
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into small polyhedral or maoy-fiided miisses, called hopativ 
iobulua; the Mood-veHscIs form networks amund and in tlie 

lobules ; while the dutla which carry away the seorclJoii (bile) 
begin witliiu Wiv hthtilaa in Lha form of tiny chanuold, running 
between the cells. 

The whole liver i* itiveated in an envplfjpo or capsule of con- 
nective tissue (Gli^ison's (!a|wul^)» and the lobnltia are divided 
from one another by very delicate partitiom* of areolar tissue, 
eiLch luhulv 1>t^i]i^ HlH>ut Uie she of a pliTs lit;ad and filled with 
the s|K^uiiU liver cclN. 

rThe large portal vein aitd the HUidU liepatic artery enter the 
Fiu. lo:^. — DiAtiHAJiMirii: KEritKKicNTATioN or Tuo I1si-a1[i LtmuLEL ThB 
Wt buvl lobiib lA rF|>ivru.'iiiL\] uitli ilu< JiiiriUrtitilar vnfcp nit licruHh, In Lbc rf^hi 
loud onr tliD KL^Uuii ldh"!« lliv v-'inv: nf Lliu liiLralobitlur vein. p. EnlcrhrLiiUr 
limiii'lir-» III (he putial M^'m-. h, iniruJiptiular bram'hiM *tt thfi |j<?pnlLc vcUib; /ihiI> 
tobulitr VPIH ; c, fjiplllarli-a of Ujc UibiU". The ftmi^rii InJjcalc Iho iHroollaa uf tbv 
wMirwof tbtlilo'x]' Th« UTBT-o«ltH &» vnly HprDHnlod In aus pitrt of oacb lobule. 

liver toother r>ti its under surface at what is called tlie " gate; 
of the U\'er»'* the bile duc?t piwsing out at the same plai;e_ The 
brarjohes of these three vessela. enclosed by loose oonnective 
Qs^4l1e, in which are lymphatics and nerves. Aer^omjHiny onv 
AOfilher in iheir course thrnugli the organ. The smaUest 
branrheK peiietrale IruLween the IcdmleH. and, uurmunding and 
lying between each lobule, are known oa the inltrloftuffir 
branches- From the in ti'H fibular branches of the portal veiui 
thus Kuritjunding the ciiuum fere nee of each lobuICi run capillary 
ve^i:'U« nomewbat like the npokea of a whccL Thcac ciipillariea, 
GonvcrgLDg towards tho centre, merge into a veinlet, the intra- 
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Mtilar vein, wliioli* niniiing i\ct\m iJn* miiMle nf the lobule, 
em]»tic8 irkto a vuin al iLs Ikv^?. TIjIs vtliu lylci^ ai ilie bibse of 
eftdi lobule« is cjillt^d tlit^ tuhMuliii' vein, aJi<I i^iiipLiE^ its uon- 
teiits into tlie btipnitid vein,-*, liv nii.'4ius of whicli ibc Uood la 
coavejed from llie Ijack i>f ilio liver iuui Lho iuferior vciirt wivft. 




Fig. 104. — lAnvi.K vr R\iinrT's Livjsii, Veiuke.s ash Kilk T>i'(t,'< IxjiErTSii. 
fi, cttitfiLl Of liLtnLloliiIur ^niii ; ^i. fi. lut^Tlubul^r vHrib; c, tulirrlciliiilir bUu iJiii'L, 



TliU!* eitcb lobiiltj Ls il mx^.s of liepjtUc cells, pierced eveiywhere 
witii ft nt'twork "f blcmd rn.[]il]aT"ies, 

The bilt duct** nmiint^iu-e lK;tw«en the lnjjjatic cella in th(!< 
form of fine cniialividi lyifi^'' Ijetweuii ihe adjacent sides of two 
cells and forming n close network- Lhe mealier* of which corre- 
npitiid JTL MKQ to the celb^ At the circuit iference of the lobules. 
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these iine canalicuU pan^ into thn intcilcibuUr hilc ilnots whicli, 
runiii]]g \t\ connection vvilh tLe bloorl-vesacla* liimlly c"iin>tj" into 
ttio Iwu bile (luuta which loavQ the liver &t tho opi^iiiiig, upokon 
of rtbovo na tho ^'guto of the liver," 

Tho colU of the liver munutioture bile from the biouit, and 
dJtit'hArge this into the miiiut« bile canalieuli, wheric^e it jmsneu 
into the biU c^uct^ to ]>e conve}'^'! into the stiiall intestine. 
The cells, however, [jerforra anot-her imporlanC fiinL'tion. iti that 
thf>v ehaik^ <iome <»f Uie siibeiljitires brought U> them in tlie 
blcHHl fititn the iligeslive cug^Liis in miL'h n maiiiLur lis to render 
t1k«;80 HuhHt^nct;:! aniuble for the nutrition of the U>dy; but, ut 
present it will be enough to cousiJcr the accretion of bile as 
the unlj function of the liver. 

The bile 16 taken from the liver by a right and left (bict, 
wbioli soon unite to form the liepatio duct. Tlie heptitie duet 
nina downward and to tho right for fui incli and a ]inlf, and 
then joins at an acute angle the duct from the gall-blaildiir, 
tt^rmed the cystle Juel. The be£)alia and cywtio duoLa together 
form the common bile duct Qdut'tui eommunU chohd^chu/t)^ 
which rnn>f dovvikWEinlT^ for alxjut three inches, and enters the 
duodenum n1 th(< same opr^idtt^ns the p!i it ere a tic dnet. 

Tilt? ^all-bladdor (rtrif Fig- lOi) is h pejir-shftj^ed Hue, lodgw] 
ilia dB[jR'8aion on the niidor surface nf the liglit hibn uf th« 
liver. It lA lined by columnar epithelium* and il?k walh art? 
formed of fibrous and Lnuaeular tissue- It is held in position 
by the i>erit<^neum* and aervea as a reseivoir for the bib', Our- 
ing digestion the bUe 1:1 poured »tc(ulily into the inteatiuc ; in 
the intervals it is stored ia the pill-bladder. 

To recupitulate r the digestive apinii-atutt may be said to con- 
Bifit of a tube and of important ueceaaory organs placed in elove 
oonneclion and eommunLcation with it. For convenienee of 
description^ the tiilw mii\' Xrc divided in seotions, each of which 
u furnished with nicehiiiiical and ehemieal appliances far ledne- 
mg the foo<l into a aiiljble conditlom Firat, the month cavity, 
which ia pnividt^d wilb tnnsciilar cheeks and movablo jaw, 
U^eth, and llie cliendeal solvent, Z4idiva« Mei^rcted by the 
glands: f^ecojidly. the two ^uiHsages, the [diaryni and 
fi^tiophagna, serving Lo convey the food into the next at;utiou, 
the fitomach. wbidi Ir^ furmsbed with mudcnUr walle for cru?ih- 
ing and churning tlie food, and with glauda to ^^ecretc the acid 
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digestive Bolveut, the gastric juice; tliii'dly, the small intestine, 
8U2>plied with bile and pancreatic juice, and with a highly 
specialized mucous meinbraiie adapted to IxJth digestive and 
absorptive purposes; and lastly, the large intestine, having 
feeble digestive properties, but serving to absorb all the nutri- 
tious portion of the food still remiiining, and to pass the residue 
oDwards to be finally thrown out of the body in the form of 
feces. 



CHAPTER XV- 



ALIMENTATION CONCLUDED; DKJEfiTION i CIUSGE3 TUB POOD 
UNDEHUUES IN THE M<)U"n!» STOMACH, fiMAI,L AND LARCE 
ISTKSTINEi SUMMARY OK DIGESTIONi ABSURPTION, 

Dig««tion. — Diguj^tbn ni the process by mc»!ins of whieb the 
fntid Ml? Likt into ciur moiilhs is CiiiiKHf^irnied iiiU^ a conditinn 
of Holubion or emuUion HuitJtble (^^r ubborptiun into the blood- 
Tbis tniiisfoirnHlirni is rijiUl or gnirhml anconlirig tn ibis nattne 
of the fooil-stuffs tbe digestive AolvenL* aie trilled upi>ti to (lis- 
tiulve- Wu all knuw prsL(;tU:tLlly, ftir iuhtaiice, Lliat iL luktfti much 
bniger to digest \% piece of Ijciift*leitk tlmn u (..up of buuiUon, and 
Ibrtt wbea we wish to aiive the tlig»:istii'e powcra i\a iLiuch as ]k»- 
aible we place fi jjerson upon ''Hcjiiid diet." 

lie mum Wring tlmt tlu^ tlnee f*olid fcod-atuffa are prott-ids, 
fiitfi, HJid L'ttt'bohyilmten, wo will ppoiieed to describe bow each 
of these id tnuiBfonucd iuLo a soluble (^onditinn in its eourae 
through tbe jiUmuntary t^aiml, 

Chsn^ the food undergoes in the month; masticfition and 
deylatitioa, — - When sollU fnod ah tjiken into the lumitli h ia rut 
Hiid ground by tbi' tHti^lh, litiing pushed lietwt^eri them :i^H.in itnd 
H^Liin hy thu mu^cnhir eou ti'Ai^tioiif4 of the cheeks and the mnve- 
meiitM nf the toii^iiiT iiiLtil tbi' whole i^ thoroughly u'UKhed and 
giTiuiid dowti. During tlii§ piijcefls of madticHlion the snlivarj 
j;Lu»d& urt^ txclled in very ftctivt secretion, the aiiHvLi is poured 
in lAi-ge quantities into the mouth, and mixing with tJa' fiwd 
moi&tenA it and rcdut^eA it to ti soft pulpy condition* A certain 
mnount nf iitr cnuglit in thti bubbles of the ealiviL also becomes 
entangled in the fofid. 

Tbe food thus ^ofLened and moistened is collected from every 
pui't of tbe tnoiLtb by tbe mcive^ments of tlw tonpuo, brovipbt 
together upon it* np(>er surface, aTid then presse*! backward* 

liHJ 
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through the fnucus into the pharynx. The elevation o£ ih©: 
Boft piUiite pravcnlxfl tlie ontrauco of food into ths nai^l chjim-l 
hei-B, wliile the epiglottis Iwirs ita eiitr.ince into the air jnuwai^e^ 
and it ia guide^l safi?ly iinJ rapidly throuj^li the pharynx into the 
(Esophiigus. Here it pnssen beyoiul liie L*outi^l of the will; it 
IB gnisppil hy the r^-sophiigeiil mitst'it^s iiiir) hy a rinitiniiiiniit and 
rapiil pei'Jj^LiiUic morion ifA curned unwitrdn mnl dov^nwiirds intai 
the Nltim^ich^ 

SaliYa, — Mixed snlivii (spittle) as it iippears in the mouth 
is a gl'Miy. fiotliy, cloudy fluid, the ghdrinees or ropinesa being 
diXQ to muijud; mioro-orgiiniftms ai^e iUl^ii present in it Lo some 
extent, and other foreijjn mitttcTa derived from tlio food. 

Saliva ia mainly water eonlmiLinj^ but little solid matter, ita 
spueilic gravity varying ivoxii 100:^ to lOOti, It dopcTidt* for ita 
fipeelal aetion^ as a digestive solvent, upon a ferment it contuina 
called ptyalin.' 

The motion of tftliva npon the food. — The chief function o^| 
anliva i^ to soften iind moisten the food and to assist in mfi^tica' 
lion inid deglutition. It has, however- n t^ertidn solvent iietion 
npon food-sUiffs, esjitteiiiSty stitreh- Upon the fats and proteids 
it has very little effect except to render them softer and butter 
prepjire.d for the action of tiie other digestive juieos. 

By the ptyalin-ferment present in aiiliva, atjirch, which is an 
insoluble substance, 14 olmnged into grape sagar, a liighly sola-' 
ble and absorbable product. Tbia chmige is best effected at the 
temporatiire of the body, in a slightly ulkaiino solution, mdivft 
that is distinctly acid hLnUenng or arresting the proccaa. Boiled 
Bturch is ehanged more i-apidly and ciompletely thun raw, but 
tlie food iS never retained in the mouth long enough for the 
BflUva to more than begin the transform a ti on of starchy matters*, | 
After leaving the mouth, further conversion of starch into sugar 
is arrested by the acid reaetimi of tlie g;isLrie juice, and diges- 
tion of this clixsa of food-stuffs iw practically suspended until 
they again come in eunLiuit with the altaline secretions in tbe,| 
up£>er part of the small intestine. 



^ PiniiriilA &re cilhcr or^Fiiiiitid or Liiir>rgn.mt(<d bodicfl; of the fotm«r jreaat J 
Lh n wdl'kiiovBD example, llie fLTiufmuti'f'e y^^wrr of yeast wUicli kwls to ihe 
converainn of ftiigar riin iilt:nhr>[ W dpppudcnt upon ilip lifp of tlip yi^sAr-^Hl, 
Wlipa Uko ycmil'ccl] ditsf. fi^rmcnUtLion c^afl<^, I^yalin belanga to tbe lattvr 
cUu j it Lb an iiLurgaDia buIjbUuidq> aai a living arg^niiiiB Like yewU 
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During the (iicji^esrieH of ma?4tL cation, insalivatiion, anri deglu- 
tifidii^ tlie Foiiit is rirst reilui'ijd tn a soft jHiliiy cciiiiljticn ; 
Me ('loudly, iitiy ritHn.th it may i:n[it<iiji Ijc^iiis to be i;hanged into 
sugar; tbirJly* iL ]ii.-(|uire!t a more or \k^s iilkaliiie reaction.^ 

Chaogefl the food undergroe* in tte stcmaoli. — The entrance of 
(oinl WiXAi tilt- ^('■luiiii ik in:U< JLS a. ,-sliLiuiLint to Cht; whole orgjin. 
The blrKxi-vi:»i4eU JiUte. the glunda pour out iin ubunilhint aecre- 
tton upaii the iimcouH lining, anil thu UifEui'ont lnyei-H oE the 
muscular coat aru oxoitiittl to a cotUtauoii^ action. Det:iyed In 
the stoinauh by the conli^a^tion of the pyloric riu^-muHole, the 
pulpy maws of food in cairied I'oun*! and ruund, and thorr»ugh)y 
milled with tht giisU-ic juice uiuil it in ilijwolviHl inU* n iiimk^ 
gmj'ish soup-like liquid, called chtfmr. The chyme thuK formi^d 
Ls fiY^in time in lime ejected MinMi^li the pyloi'iis, ai;L-i>ni[mided 
by mui'seU of sirlii], \vaa wi'l]-iljir[-:>;ted matter. Thia ejeelioii 
may occur witlnn a few mitintes aft^r the entraikL-e of food into 
thestom^h, but doer* not upmally Ijejjin until from one to t^vo 
Imura afberi and lasts from f<»ur to five, ax tlio end of which 
time the stomach is, Jifter an ordinary meal, completely emjitied- 

Qaatrio joice. — (Jadtric juiee, acci-eted by the smaU, tubular 
;>UmLs ij] the mucous lining of the atomneh, m u thin, colourleae, 
or ])rtle yellow fluid, of an aeid roactimi. It eontJiind few ttolida, 
and bf dependent for it» rffwcihc action ujion a ferment called 
pepsin, whioh \a only properly active in an md solution ; and 
wo therefore find that free hydrochloric acid in the proportion 
of 0,2 per cent is uhvjvvfi prei^ent In noTnud t^itric jnit^e. 

Aatioa of g'utric juice upon tlie food. — > 'VXw. ^.istiie jnii^e lias 
no aetiiiM U|)i)ji starch* :iiul n[ion fat:^ it ha?4 at niortt a limited 
action : that is, if adipose ti^aue be eaten, it will ilLH;4o]ve the 
envelopes of the fatrcell ami ^et the fat free, but it haa no 
power to pmulaify them. Tlie esseutirtl pro|;erty of gastric 
juice la the power it iui3 of didsolving prcteid muttera and of 
converting them into a *ulialftiice called peptone. Whatevei" 
llio proteid may be, whether tlie alliumin of epj^, the gluten of 
Hour ill bread, ihe myasin in fle^h, the result in the same, pepsin, 
in conjunction with an acid at the tempenitura of the body, 
imnsformj* iliem into j>e|itone!4, 

Pisptones I'eadily dissolve in water, and paa* with ease throngb 
Animal niiMnhianes. They are proftnhly id>sitrl>ed. i\s soon fLA 
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formcd, by the blood-vessels in the witlls of the stomach, 
though some p&ss in the chyme through the pylorus into the 
smM intestine. 

Changes the food nnder^OM in the email intestine^ — The chyme 
on etiteriijg the duDdeimm, after an ordinary meal, is a mixture 
of various matt<!rs. It contains some undigested proteids ; some 
undigested stiircli ; oils from fats eaten ; peptoiies formed in the 
stomach, but not yet absorbed; salines and sugar which have 
also escaped complete al)sorptio]i in the stomach ; all mixed with 
a good deal of WiUer and the secretions of the alimentary canal. 
This acid mixture passing into the duodenum excites the secre- 
tory action of the pancreas, and stimulates the bile to ilow from 
the gall-bladder; the glands of Lieberkiihn and Brunner also 
become active, and all these secretions being alkaline, the acid 
chyme is rapidly changed into an alkaline pt'eparation, called 
chifle. 

Bile. — Bile, secreted in the lobules of the liver and stored in 
the gall-bladder until needed, is a fltiid of a briglit golden red 
colour, witli an alkaline reaction. The chief solid constituents 
of bile are the bile-salts and tlie colouriug-mstttei-s or pigments. 

Action of bile on food. — Upon proteids and starch, bile has 
little or no digestive action. On fat.s, it lias a slight solvent 
action, and, in conjunction with pancreatic juice, has the power 
to emulsify them. Bile possesses some antiseptic qualities. 
OulJiide t^e body, its presence hinders putrefactive changes; 
and when it is prevented from flowing into the alimentary 
canal, the contents of the intestine undergo clianges which do 
not otherwise take place, and wliich lead to the appearance of 
various products, especially of ill-smelling gases. Lastly, the 
passage of fats thiough membranes is assisted by wetting the 
membranes with bile or with a solution of bilC'Salts. It is 
known that oil will pass to a certain extent through a filter- 
paper, kept wet with a solution of bJle-salts, whereas it will 
not pass, or passes with extreme difficulty, through one kept 
wet with distilled water. 

Pancreatic juice. — Healthy pancreatic juice is a clear, some^ 
what vis;;id fluid, with a very decided alkaline reaction. It is 
actively secreted by the paiicreas during digestion and flows 
into tlje intestine in conjunction with the bile. The Germans 
call the pancreas the "abdominal salivary gland/* though the 
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pancreatic juice has a far tziot'e est tensive Jietion LWi tlie 
aiilivA. 

Among other iiDportattt conatituenta the pfiticreatic juice cnit- 
Uihxa t\ fmmcfit ci^lleU trvp^in. wIiilIj. liki; jii^ir^^irj, Ii^ls tlio power 
1(1 tniiiHform proteida iiil-i piii'toiit?s- liyjisin, liuwuvcr> n^qiiires 
an iilkiiliJie medium to cffi^^t Uiis trt^jj^formiitioti, wliUc pep^ihi 
OA we tmve nlre^Ldy sceu^ reqiuied the medium to be atiUi. 

Action ct p&Doreatio jnice upon food. - On Ktnroh pEtJierctUic 
juieu iii^U witli ^jyiLt tiiL-j'try, nijiitllv converting it iiilo sugftr 
Oil proLeidii it pmeti(Nilly »^KureibeA tlie ^ame iiifluenee sua the 
gMlric jiiiee, foi- by it pfoteidn iiiv ch:i!iged into peptones. On 
ftittt it Ilas a twnfnld MctlfiTi: it emulsifies them, uml il splits 
tliem up iiitn f^tty jn'ids Jinil ■jlyi^evine. If we sli^kf up <dive 
nil with wiiter, the two curtiiot he got tn mix: aM sanii uh tlie 
sbikihg ec^^e^. dje uil floats to the top; but if we shake up 
olive ail with [Muizreiitit- jiiiee, tlie oil tenntijjs evenly t4UH|ieiiilrd 
in it. The reason df this id, thiit the oil hus been miuutely 
divided into tiny droploy, and canh di'0|dot surrounded hy n 
dtli^te envelope anpplieil fmin iho idltumiji in tlie jkancreutic 
jui[;(^ so that tbey onunot fuse togethei" to form the large drops, 
which would aoc»n float to the top. The pauereutic juice, in 
tlius emuUifymg the fata, gives tJm white uolour U* tho chyle, 
which i* its most striking external ebiiracteristic. the inimmer- 
«ble tiny oil-ilropj* refleeiintr "II the lipht th:U fallji on its wnr» 
fju-e- Sei^ondly, the faL< that ait- uut t-mulsiiied are broken up 
into glyeeriiie i^nrl fatty wills. Tlie glyeerinp in ahsnrlied, and 
the fatty acirhi in the pie^eiii'i* of an iilkali form Hoaps whieli nm 
ftiiluhlf in waltir aiid L-ai^hle of al^-*or[itiori. 

Tiius jjaneji^atir juine l» remaikable for the power it hai4 of 
nctinp on all the fiiml'Sliiffs^ — &tari.'li. faLs, at(d protetds, 

flncoiu entericufl. or inteatinal juice. — Succu^t entericus in a 
clear, yelbiwi»b fluid, having a faintly alkaline reaction and 
cont^intn;; it <:ertiun iinunntv i»f ouunn. It iH ^^td to have a 
solvent aetion upnji all Uil' fuod-fitulTs, but at bo^t its powers are 
slow and feeble, and we have no KHtidfactory i-t^aHonit for suppoe- 
ing that the actual diLi^tion of food in the intestine U to any 
great extent aided by it. 

During the passaj^e of the food through the small iuteKtlne 
the remaininjj; proteida, starch, and fats are eoriverted in[j> pej>- 
tones. Nugar* antl emnhiilied fiLta or MoUible !ina[.>9« and tlie^e 
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products as they are formed pasa either into the lymphatics, 
or into \}\e blood-vesseU in the intestinal walls, so that the 
contents of the small inttstiue, hy the time tliey reach the ileo- 
cecal valve, are largely deprived of their nutritious constitu- 
ents. So far i"vs wiiter is con<:erneil, the seeretion of water into 
the small intestine nuintiins such a relation to the absorption 
from it thjLt the intestinal contents at the end of the ilium, 
thougli otherwise much chiuiged, are about as fluid as in the 
duodenum. 

Channel in the lai^ inteatiQe. — We have no very definite 
knowledge of the particular ch:uiges which take place in the 
large intestine. The coiiteats become distinctly acid, although 
the secretions of the intestinal wall are alkaline^, and certain 
acid fermentatiojis must thei'cfore take place lu them. These 
are prol>ably due to the action of micro-organisms; but however 
this may he, tiie chief work of the colon is absorption. 

By the abstraction of all the soluble constituents, and espe^ 
cially by the withdrawal of water, the liquid contents become, as 
they approach the rectum, changed into a fnm and solid mass of 
waste matters, ready for ejection from the body, and called feces. 

The feces. — The feces consist i>f the undigested and indigesti- 
ble substances of a meal: among them are the elastic fibres of 
connective tissue; the cellulose, which is the chief cojistituent 
of the envelopes encasing the cells of plants; the indigestible 
mucin of mucus. These three materials, together with some 
water, some undig-e:^ted food-stuffs, and some excretory sub- 
stances found in the various secretions poured into the alinient- 
ary canal, form the bulk of the material exiM-Ued from the body. 

To sum up the digestive processes: — 

The transformation of the food we take into our mouths into 
products capable of absorption, is mainly a chemical process- 
The mcciianical sulKlivisioM, hruising, and crushing of the food, 
accomplished by the teeth and the muscular contractions of the 
walls iif the alimentaiy canal, is merely a process of preparation 
for the solvent action of the digestive juices. Of these juices 
there are live, each having a special action. 

(1) The saliva, containing the digestive ferment ptyalin, 
transforms starch into sugar. 

(2) The gastric juice, containing pepsin (a ferment acting in 
the presence of an acid), transforms proteids into peptones- 
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(3) The pancraatic juice, contain in jj trypsin (a ferment not- 
ing in tLe pi'eHence oE na alkiiHj, triiiLsfoi'[n<4 proteuls; into pep- 
tones, anil, bj virtue of oOiur ccinstttuenw, iraniifarm^ staruh 
into siigiLr, aiul emulsiltes fiiU or turn^a tlit^ni intn i^oliiljle soap^, 

^4) Ililt<« iroii[Hiiii[i^ bilp^sEilts ^riil ntlier miitters, lusiats the 
pa[tureaticT jiui-t? in sjiptHiiJinalinii anil oumlsinn of faUs, prnmotes 
iibeiorpriiHi uf the sjinic, uluI nuiililiort pntref.tctive diiingex in the 
intustme, 

(5) Intestiiml juice, containing mucus, trjuisforn^ all food- 
5tuff:4 iu a feebli;? fivabioui nob cleaily demonstrated nor un- 
derstood. 

All inateriihl that those salventu fail to tranr^form into a goIuLIo 
anil abscirbablo condition irt gnuhiaUy worked downwiirda by llm 
peristaltic contractions of the alimenuiry o&nal, and Unally 
leaves the body as waste and useless matter. 

KoTB- — For thf^ iiakc of plmplkily, vrc have coiiaiJcrr^ JiKcalioii la a brood 
Why u tJic cuuvtrdiuii oi pracii^Jilly uon-cIirFu^lbli; iiruU^ldH hauI aioruli Iniu itjura 
dffluBible ^pti>iieB And hjglily d^ffuisible Riigiir, and iw the tmulBifylng ol InK, 
T1ion? i» rfra^ciL to Uclierc llint some of ihv AUfj^ar mAy he cKanj^t^J itiio laciic 
ftcidt or v\fi\ hiU) tiutyilc or in^iHT UL'lrh, aud ihat huuh^i uI tUt^ ]jroiehl» are ear- 
ned beynnd lUo ptiptont- condition. But tlivro in no dmiM Umi the greMer part 
o| Llic protfjd [i4 abdorbi'd m prptoue, that carbahydratrB nra mainly nljAorbrd 
M hu^or, A[id cLat lUt? £rtU.er part uf tiia fat* poaacs Idlo tbv budy at jlq 



AlMorption. — We have now to consitU't bow the products of 
di^e^tion Hnd their way out of the alimentary c;anttl inlo the 
tissues of tbe body ; for, properly speaking, though the footl may 
be dif^ealed and ready for nutritive purposea, it ia* until it 
passes throu^di the wnWn of the alimentary canal, titJll pi-ac'ti- 
crtlly outride the body. 

There ai-e two paths by means of which tha products t>f diges- 
tion find their way into ihe bb>od : (I) hy the capillaries in the 
walU of the stomach and intestines; and (2) by the lacteals in 
the walls of [hu small iniestine. 

(1) The network of ca p ilia ry blood-vessels ia aprenJ. as we 
have seen (page 146), inimediat^?ly Ijeneath the biusifmeut mem- 
hv\u\t* of the murous roiii, linins,' the interioi' of the alim^mtary 
canal, and ntatterH in riolntion imsa readily by diffuaion or 
oainosts from the interior of the stomach and intestines into 
the blood-vessels in their walla. All the tlood from the digea- 
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tive organs is taken by the porUl vein to the liver, and the 
products of digestion are modified by the action of the liver 
before they are returned to the general circulation by the 
hepatic veiua. The he2>atic veins pour their contents into the 
inferior vena eava, and the blood, enriched with the products of 
digestion, finally Jind* its way into the right side of the heart, 
whence it is takeit to the lungs for purification before being 
sent to all parts of the body. 

During the passage of the blood tlirough the liver, the liver- 
cells not only taki; from it the material they need to form 
the bile ; tliey also tiike from it material to form a starchy sub- 
stance, called glycogen. This glycogen, stored in the liver-cella, 
is gradually doled out, as it is needed, to the blood. It is not 
doled out, however, in the form of glycogen, which closely 
resembles starch, and is, therefore, insoluble, but in the form 
of sugar or glucose. Thus the liver is a very complex organ 
whose cells elaborate bile and glycogen, and by some fer- 
ment-body, contained within themselves, convert the glycogen 
into glucose. 

(2) Matters in solution can pass into the blood-vessels, but 
some other provision is necessaiy for the absorption of the 
emulsified fats. We find, accordingly, in the villi, which so 
closely cover the internal surface of the small intestine, little 
rootlets or beginnings of lymphatic vessels, which are set apart 
for the absorption of the fatty pro<Iucts of digestion. 

These lymphatic rootlets or lacteals, as they are generally 
called, occupy the centre of each villus. The emulsified fats 
pass, probably aided by the bile, into the bodies of the columnar 
cells on the surface of the villi, and from thence find their way 
into the interior of the villus, and finally into the beginning of 
the lacteal,' The lacteals carry this fatty matter or chyle to 
the larger lymphatics in the mesentery, and these empty their 
contents into the thoracic duct which opens into the great veins 
on the right side of the neck. 

1 Ic in iiuppnaed that the fat geia into the InteHor of the lacteals mainly by 
tho aclimi of th« li^ucocyten or lymph corpuBcles. Fii^t, Che faC is takeo up by 
tlie epitUfliuni cuiis on the nurfnce of the villus, and^ afU^T passing through them, 
iH taken up by the leucocytes ; uext, the leuoocytes migrate, CArryLng th« fat 
panicles by clipir anuBhoid movements ioto the iaoteal ; and finally, after enter- 
ing the Lauteal, they disaolve or break up and set the fat particles free. 
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Thus the food in aolution finds its wwy into the right side of 
tht: hcitrt after possijig tlirough the liver, and the emulaihcd 
fdoil after piwsmj;? thrmigh the lym])hatiea. It is Hot to bo 
undoratood ihut nmtters in Holution do iiol find thotr way into 
the laeteikb. nor. on occatiion, emulsified fata into ihe blood- 
vessels, but, broadly speaking, the food-products find their way 
into the blood in the nunner above deiicribed. 

Finft] de&ti nation of food-BtaffH. — It is impo'^sible to eny defi'^ 
nit«[y vvliiU brccunt^s nf the diffei'enl fuiHl-prijit:i|il«s iifter tliey 
have once entered the cun-ent of the blood. In general, it may 
be »iiid that the cnLbohvdrates are u^ed for llie proilui:tion of 
force, and that Hit fata are stored m the body and used as fuel, 
The proteids do all tlmt can be done by the fnts ftnd cailx)- 
hydnites. and^ in addition, form the bivji^ of blood, muscles, and 
aU the connective ti^^iiee* 

Still we cannot say that the carbohydmtce perform a certain 
work in the body anil nothing' eLde, or that the proteids and fata 
do. It is, however, generally understood that the proteids, fata, 
and carbohydrates each do an Individnal work of their own 
better than iL^ither of the others ean do it. They ai'e also neces- 
sary in due proportion to the nutiition of vha body and work 
tngetber ns well as in their separate fnnt'tions. 

The body has always n ^tore of material laid by for futurfl 
use. If this vvtre ni>t the case* a perjsfKi deprived of food would 
die immeilifltely, as he does when deprived of oxygen. The 
gi-eat reserve forces of the body are stored in the form of adi- 
pnae tissue and glycogen. The glycogen is given out during 
tlje intervals of eating to supply niatcrnd for heat and energy; 
the adipot^e tissue is not so readily available, but may be called 
upon durinff prolonged deprivation from food. For a certain 
time the huat of tht? bwiy may be maintained and work dune ou 
these substancei*, uUhough no food except water be taken. 

In eont'liision we may say the fixid in the blood supplies the 
wanU nf the Wly in live diffi»rcnt ways : — 

'^l* It is used to form all the tissues of the body. 

**2- Tt iH iise<l to repair the wajste of all lIik tissues, 

*^dm It is stored in iht; body fur future use. 

"4. It is i^ojisumed as fuel lo maintain the constant tempera- 
ture which the liody mu»t always possess in a state of health. 

'*6, If produoes muscular and nervous energy/' (Professor 
AtwatorO v 



CHAPTER XVL 

ELlMir^ATION ; GENERAL DESCUIPTION OF THE URINARY OR- 
GANS ; STItrCTUUK AND BU)OI>-SUPri,Y OF KIDNEV ; SECRE- 
TION OF URINE: COMFOSITION AKD GENERAL CHARACTERS 
OF URINE. 

Is the liiJ^t four chapters we have seen that the blood is con- 
stantly su}>[iheil hy means of the respiintoiy and digestive 
meclianiamj*, with all the chemical substances it requires to 
maintain the life, growth, and activity of the body. These sub- 
stances, eutentig the current of the blood, are carried to all the 
tissues, and are incessantly combining with the chemical aub- 
atauces of which these tissues are composed. These combina- 
tions are not left to chance; each tissue has a special affinity 
for the chemical substance i[i the blood which it requires for its 
own growtii aJid speciiil form of activity ; the seei'etory cell of 
the liver picks out substances from which it can manufacture 
bile and glycogen ; the muscle fibre assimilates those that will 
promote the changes upon which depends tlie power of con- 
tractility. We know that the proteid compounds contjiin the 
most essential elements for the formation of all kinds of tissue, 
and that phosphate of lime is a necessary ingredient in the 
hardening of bone* but we are utterly ignorant of liow it conies 
about that each tissue element is enabled to select the particular 
material it needs and to reject that which it does not require. 

Onr bodies are masses of changing atoms, some of which, if 
we may so express it, are on the '■'up grade," to construct the 
various tissues, and some are on the "down grade," to form the 
waste matters which ai-e the final products of the tissues' activ- 
ity. These changes, which are incessantly g<ang on while life 
lasts, are described under the geneiul term of metabolism ; the 
constructive changes being spoken of as analxtlic, and the de- 
Btmctive as kataholic, changes. The tinal products then of 
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the metaholism of the body will be certain wHste matters, and 
wu hhiiW liitw pruLTeuiZ to (lesi^ribe the nit^uhitiiisTti of tlie oj-^iuih 
if Caeaiis of whiuh these wasles arc ratnovei] from the body. 

XtimLnatioii. — In p]L:^ii]g through thts bliMxi and tlh^ues of tho 
btKly, the proUsid.s. f^tti, iLud carbi:)hydiaU;» arc Irati a formed into 
urta (or come uIoEiely allied product), caihoiiiu iiciili and wAter, 
the uitrogcn of the ure» hetiig fiirniEihed by the proLeids alone* 
Mnny of the prott^idti cutitjiiu hulphur. and idiao have pho^phorua 
attached to them in some combination, and aome of the fatd 
taken an food cotitaLnpho:<|>honit;; these elemenU fire L-onvcrtcd 
by ojfidjition into pho^^phate?^ and yuLphateu, and :\rii excreted in 
that form in com^Hiny with the other mdta of the body. 

Bnindly spL^lkill^^ then, ihe WiWte prndmls are ureft, (?E%rbonic 
acid, fiiilts, and wiiti^r- TIicsk U^iive the hrHly by one or other of 
three nmin ohannetH, Ihu ItingH, the skin, nnd the kidneys, 
Some part, it is trnii, lii-ave?* the IxMly by the bowels, for, .ls we 
have seen, the fecCvS contiLin, besides uiidtge^^ted poriioas of food* 
substanoed whic^li liavu been tiocret«d into the bowels, and are 
thei'efot'e w^le pi-i^KliitL»; bub the amoont of these la very smnll 
and, except in dii^eaj^eil (.conditional of no special iniport^mce. 

Tlie wa^tte mattens disehargcd rclntivcly by thu lung^ j^kin* 
and kidneys may bo stated jw foUowd: — 



■ By the lunga: The ^peELter part of the earbonic aeid. 

W A cousiih^rable tjuantity of wat^r. 

^ By the akin: A vaii-ihle but, ou the whule, hirgo iinauUty of 

^^H A little earbonio aeitL 

^^H A fiTti:Ltl quantity of Bulta. 

W By the kidneys : All, or nearly all, the nre^ and allied bodies, 

^^^ Tlie greater portion of the aoltS' 

^^^h A large amount of water. 

^^^^^^^ A very small quantity of t^arbonie acid- 

I We hitve already studied the niGchanism by means of which 

the llin^ rid the blood of raibonie acid and water, and it now 
renjain.-; for uii to consider tho ini?ebanism of the skin and kid- 
neys- In the present chapter we shall devote ourselves to the 
eoiisideration of tfie kidnevs, wliieh Necrate the nnne* and the 
othrr urinary organs, the ureters, bladder, and urethra, whieb 
Golleel \he urioe and conduct it to the outride of the body- 



180 



ANATOMY POIt NURSKS. [C(!*j-. XVI. 



i 



Position and Gentral DcACfiption qJ the Urinary Off/ftu, 

The kidnejs. — The kidneya are two compound tiiLuUr secret- 
iug glands [>Iuced at the b:iek of t!ie ftl>domiitaI cimty, one on 
each side of the lumbar vei'tebro2. Thuy ure bean-shaped, with 
the eoncAvo uide turned towards the spine* and the convex side 
directed oiUwanla, Ewch kid!}«y is about four inches long, two 
broad, and one thu^k, .tmi extr'ndjs frouk the eleventh [ib to nearly 

the creHt of the iliimi, the 
r\)rht being ix little lower 
tiiiui the left in ecjiise- 
t|uen<^ti of tlio Urgr- sjiaoe 
tiponpied hy the liver. 
They arc coveied by A 
tough envelo^je of fibrous 
tifi^ue called the cupsule 
of the kidney^ aitd are 
UflUiill}' embedded m a con- 
siderable qiiautity o£ fat. 

The uretan. — The nre- 
tei'* s.ye the *?xcretory ducts 
of the kidneys. Tbey arise 
in the middle of tlie con- 
oihve side, or hiltttiy of eai^h 
kidney and proceed ob- 
liquely doniiwards mid in- 
WJivda through the lumbar 
region of theaMaraeu into 
the pelvis, to open ob- 
liquely by two conatricted 
oritioeB into the base of tbo 
bUddon Each ureter ie of 
the diameter of a fjooee 
quill, from sixteen to eighteen inches lonp, and consiste of 
inuxculiir tisHue lined liy miieoiH niembmnL', The musruhir roat 
is arranged in two layers, nil outer circular and an inner longi- 
tudinal. Outride the muscular oont is a layer of tihroua eon* 
ne<itive tissue carrying th« hi nod- vessels and nerves with which 
the tube is supplied. 

The bladder. — The bladder is the reservoir of the urine, Z^j 




Pia IW. — Thk HavAL Ohoanb vunEi> 
rttuu UuHiVD, B, rtitbx kldiu-;,--, .1, aiiitk; 
Ar. rl^ltl t'.'iijlI iiclpry ; ■'■'. Ijiftrmr Tana [:4hV4; 
l>H rigLt ri-njil win; (', vighi »rvl-fT; Vii, 
bliddof; /'rt, ataUiri. 
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is situtbt^d in the pclvio cavity behind the pubea, and b held in 
position by lignmeiitii. During in(ati(;y it i^ conimU in tihapa 
anil pt'njei:!^ ibbuve the a^jptii- border of the puhecf into the hyjio- 
gastric ragion. In the ndalt, when quite empty it ia placed 
detrplv in the pelvin ; when slightly dii^tundet]^ it hn^H a round 
foiiu; hut whttn grt^:itiy rli-^tended, it Is ovoid In shajie and 
rised to a eocmdeiuble height iti the abdominal cavity. 
( P7rf* Plate VIL) When miMlenitely distended, it ineiLsiii'ea 
aU>ut live iuchtiA in leiigUi^ and Uji'ee inches across, jind the 
oidiiiaiy amount of urine whiuh it contiuns is about one pint. 
Tilt; bladder consL^tb cif plain nuiHcuhkr tisjine IJJied by a strong 
mucoud uicmbranei* and is covered partifllly by a acroua coat 
derived from the peritoneum, Tlie muscular coat haa three 
layers, the priJitipal tibrea of which run lon^tudinally and cir- 
cularly, the circular iihrcA liuing i^olleeted into a layor of some 
thickness around the constmted portion or neek, where the 
bhidder buconiea continuous witli the urethri. These circular 
fibres around the iiet'k form a sphincler muscle which is nor- 
mally in a state of contraction, only relaxiTig al iul^rvals, 
when Ibo accumulation of urine within the bladder rerdei-^ its 
expulsion neceasai'y- 

The baste of the bladder is directed downwards and baek- 
wai'db, an<l in the female lit^ in contnct wiili the fmnt wall nf 
the vagiint uiid the h>\ver part tt( ihf. nenk of the ut«riia. The 
neck of I lie bladder ia diLected obliquely doffBWtwdtt aud for- 
wanis- 

The urethra. — The m^thra U a naiTow. membranoufl canal, 
alhiiil no ii^rli and a half iri Length in the female, and extending 
from the net^k uf the bladder to the external orifice or meatUB 
urm^if'iui'. It irt placed lieneath the Tiyraphyfiifl pubis, and is 
embeilJed in the anterior wall of the vagina- ltd direction 
is ohli(|uely downwnrds and forwards, iu course being slightly 
curved, tlie e*>iu.':U'ily dii-ect«d forwards and upwards. It ad- 
mits of consideriible dilatation, its normal iliiuneler, however, 
being aUmt a ijUJirter of ati inch. It i>t lined hy a muttons coat, 
wliich is eontiiinoiis, exi^rfmlly, with thitt of thu viifuii, and, 
inti^rnally. with that of the iilaJder. The external muscular 
coiit is also continuous with that of the bladder, hut between 
thft mueou** and muscular coat>i is a layer of thin, spongy taaaue, 
containing a network of large veins. 
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The lUucture of the Icidaey- — The kidney is a aeoreUng ^laiid, 
coiittlruoied upon the general [flan uf a eompaiind Hccruting 
pflar^d, but poajiesaing sjjeciiil featuita paii-nliai- to ilsolf. If wo 
cut a kidney iit two lengthwise, it is seen thnt the u]>[Mdr end of 
the ureter ex^iandM ini^o a bit^iii-like cavity, into which the solid 
[mrtifin of ih*? kidney [nnjects in cofnt^al-shajied ina-ise-i. Tim 
dil;iLed c^avity vt ihi^ ureter la called llie ^>elvifi or hiusiii id the 
kidney, and thU (K^lviti U L-regiihkrly sulKlivlded ijito Hnialltiiv 

cu|3-Iiktf cavities. ciiUed ftiUctM, 
which rt'ceivc the pointed pro- 
jections of the kidriey Hulfstatii^c. 
The tJtiKstaneo of the kidiiey 
is readily jieeti hy the naked eye 
locoiiftii^t ni two distinct paria: 
an outer, darker, and mora 
solid portion, called the rortei 
(tuu'k). and an inner, lighter 
Airialed [Kutic^n, ealled the me* 
dnllii (niarnjw), wliirh in not a 
solid mass, huti more or leas 
distinctly divided into pyra- 
midal -tfha}>e{l flpctioua. The 
l»r"inted projections or papilla^ 
Fifl. inii.-8frTinH TTfRonnH thii ^f jho pyiumida are received 

coBTioAi. t'i»uTiu.>i*H ANL» Tiiit ttKnw- l>y tliQ iircgularU' disposed cup- 
nmu or THK U*.cTjctt. (iWui..) Ct. Ijko oavitiee of the ptdvis. The 

midoL Boationn ^rojectiii^iiiia mtv r»r On.- bulk of the ludney tiubtitancc, 
^™i"^,^rLl^r"/''*^"'*' fl-^,"i,ai uuhin theoortexondnmdulla. 

is composed of little tidjes or 
tubulea, closely packed together, luivJng only just bo much 
connetitive tissue as is siifficipnt to carry a large supply of 
Maod-vessels and a certain imniber of lyiiiphatics and nervos. 
The dilferetiL appearance of oortox and medulla is due to shape 
and arrangement of tulaile;* and hlood-ves&id?i. 

ExamineJ under the microscope, it i« ftcen that tlie nnnifer^ 
oua tubules begin aa little rouudtd dilatations, called ca|isulea, 
in the cortex of the kidney. These capsules are joined to Ihe 
iubutcs by a conatrjcLed neck, and the tubules, after running a 
very irregular couiwe, open into stniight collecting tubes, wliich 
pour thoir contents through openings in the pointed enda or 
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papiU* of the pjrami<Is into the i)elvia of tlie kulney. 
Fig. 1090 

The tubulea are compoaed of baaement memlirjine, liiieil 
through<»nt by epitheUum 
cells. The oelb vary in 
the different parta of a 
tubule, eoine being more 
es[3ecially mhipteil to seure- 
torj' jnir|»i")st"4 than f>ih(?r9- 

The bio [>rl -supply of the 
kidney, — Fi^r iLs ni/e, tlm 
kiijiiey in ^ibiiiiihLiitly su[> 
plieil with hliMxh The 
rejK;l Artery* coming di- 
rectly from the aorta. 
divider iw it entei's the 
hilU3 of tbe Iddriey into 
branches, which, alippiiig 
around the ptlvia, pnBS 
inwardti between tlw pyrft- 
midiA, On reneliing the 
boundary line Iwt^'een Ihe 
cortex and the ineditUa, 
till' hrniicbos divide lat- 
erally Lo ff>rm ninre or 
<;on]iikte arcl»es. (the 
vein* lilso ilivide in n 
simiUr manner Lo form 
venous arches)p From tlie 
artei'iiil "rchen, vesa^ds jmsa 
upwards tbmu^lL the eor- 
t«x, giving off at intervals 
Uuy arteries, Piu'h *^i wlueb 
eni«rH the dilatud 




rom- 



Fto, lOT, — VA-fUiHin ^TrrtT ^tr Kiohkt- 
{Cjbllat,) 'iy f4ti of urttrLnl nrrb; b, ikricrial 
liraiidj |4L«4liiL,' iiiiwAnlri ilirou^li the vitHtTij 

ft ?iL|f^tl]U'LH4; /*, iirikiL^il ArTcrltiJ vty<f:(-tt af 
mene^mt^nl nr napsnle of nuMUilln; t/. voniim treh; h. Hlraifiht vetiii af 

ft nrinifrn.ns tubule. "'"**"^^ 

Tliest liny arteries, entering the cfti)8ule. are spoken nf as 

afferent veTuieLi. Tliey puali iba thin wallti of thu oapHule 

before tht*ni. hriM.k up into a knot c»f tiipillary vewHeU. cjdlcil a 
ffhmerulu^t and linally issu^ from the i;ap6ule as eilerout rw- 
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Bcls. These efferent vessels do not immediately join to form 
veins, but break up into a close meshwork of capillnnes around 
the tubules, before they unite to form the lai-ger vessels and 
pour their contents into tlie veins forming the venous arches, 
between the cortex and medulla. In this way the cortex of 
the kidney is supplied with blood. The medulla al.so receives 
its blood-supply mainly from the arterial arches. Tlie blood 
passes dowiiwiirds in straight vessels between the uriniferoua 
tubules, to be returned by more or less straight veins to the 
venous iirches, whence it is conveyed by large branches into 
the reual vein, whicli leaves the kidney at the hilus and pours 
its contents into the inferior vena cava. 

Tlie renal ai'lerv in passing into tlie kidney is accompanied 
by a network of nerves, called the renal 
plexus. They are chiefly vaso-motor nerves, 
and regvdate the contraction and relaxation 
of the i-enal blood-vessels. 

Secretion of nrine, — Urine is secreted 
from the blood in two ways. It is partly 
removed by a process of transudation or fil- 
tiation, aTid partly by the secretory action 
of the Leilas lining the urintferous tubules. 
(1) Into the dilated extremity or ca])sule 
of each tubule a small artery enters and, 
pushing the wall of the capsule before 
it, breaks up into a bunch of it>oped capil- 
laries. The blood in the loop of capillaries 
or glomerulus is only wejjanited from the 
interior of the tubule by the thin walls of the capillaries and 
the inverted wall of the capsule, which closely covers the 
glomerulus. The artery entering the eajwule is larger than 
the issuing vein, and, during iLs passage through the glom- 
erulus, the blood if^ sulijected to considerable pressure. As a 
result of this, a trausudation of the watery constituents of the 
blood, with some dissolved salts, takes place through the walls of 
the blood-vessels and of tiie ca|>sule into the tubule. 

(2) After leaving the cajKsule, the effei-ent vein breaks up 
into a meshwork of capillaries, which closely surrounds the 
tubules, so that the bloo<l Is agaizi brought into close communi- 
cation with the interior of the tubules. The tubules are lined 
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with secrtting cells, and these cells appear to liRve the power nf 
seLocting from the blooil tlie more solid wen^it ni^ttera (especmlly 
the urea)< wbicli fiul to tiltcr thix>ugh the Eat cells foriiikiig the 
wall of the cai>Bule. 

TImis lhi3 ciimitjjition of urine ia a double |fmi*?fls, \n-h\^ jmr- 
^ally aucompl belied b}' trmistida* 
tion. and parlinlly by the selective 
aL^tif*n of the seuivtiiig oella linhig- 
thi? inhidc^, 

Eccretion of arine. — The iiri- 
liifeniiiN [iibiites i'oetiiiipikc in n 
dilated extrt-inil.y, the i'iv]»sidi\ iiiid. 
After A very devious <;omf^*\ lerjEii' 
nate in the colleeting tubules 
which npeii on the poijiti^d pi-ojec- 
tioiia or pkipillje oi ibt pyiumida. 
The rtnid tliey conUdn pittieH into 
the pelvis of the kidney, whence it 
ia crtiried along thf urctt'rs into 
the bladder, partly hy prest^ure imd 
ginvit}', and partly by the peri- 
staltic oou tract ioa8 of llie inusciiiar 
Willie of the uietei^. In the blad- 
der tin; urine eollectji, iu return 
inl4i lilt* ui'eters lieing prevented by 
the oblique tiiLrjuiue nf thebe tuhpH 
intik tlie wMs of the bladder. 

jMii.'Uiri(inn U ntiniiidly caused 
by the accnniulfttirm of urine 
wilbin the hladdtr. Tho accu- 
nudnU'-n rttiirudiU<^a tho mnaculitr 
walLfl lo cimtraot, the ret>iatanco 
of the a|)binet*r at the neck of tlie 
ohiiMer IS overeome, nnu the unne 

U ejVcied through the urethra- InvoluDtary mieluritiou may 
fwonr as ii re*iuh of spinal injury, involving ihe nerve contres 
which ueikd nerves to ibe bladder. It may be due to a want 
of " tone '' in the inuseuW wiills, or it omy result from somu 
abiioniral irritiiliou. 

Ovneral characters of the urine. — Normal urine may lie do- 
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I'l.Kfl. ,V» iLiil|»i^t(i.Mi ''nj>BiiU', or 
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scribed aa a transparent watery fluid, of a pale yellow colour, 
acid rijACtion, specitic gravity of 1020, and possessing an odour 
which cjiii only Ix; described ."v* " characteristic " or " urinous/' 
Eacli one of th^se cliaraoters is liable to some vanation witliin 
the limita of health as well as in disease. 

The trampitrenvif of uvinc may be diminished in health by the 
presence of mucus, derived from the genito-urinary tiuct, or by 
the deposit of salts. In disease the urine may become clouded 
by the presence of pus. 

The cohui- of urine depends mainly upon the amount of water 
it contains; also ujjon a diminution or increase of colouring 
matters. In the copions urine of hysteria the colour is very 
light, while in the diniinished flow in fevers it is very high. 
Abnormal colouring niiitters are derived from food or medicine, 
or result from sonje diseased condition. 

The reaction of uriiie should alwciys be tested from a collec- 
tion of urine passed during twenty-four hours, as it is affected 
by diet and exercise. The reaction of mixed urine is normally 
acid. 

The spe/yific ijravitif depends upon the amount of solid waste 
matters present in the urine. In health, it may vary fiom 1015 
to 1025. When the solids are dissolved in a lai^e amount of 
water, the specific gravity will naturally be lower than when, 
from a deficiency of water, the urine is more eoncentmted. It 
is notably heightened by the presence of sugar in the disease 
called Diabetes Mellitus. 

The composition of urine. ^ The chief constituents of normal 
urine are water, urea, uric acid, colouring matters, and salts. Of 
these constituents, urea is by far the most important, for it is 
the chief solid w^iste product of the body. To eliminate urea 19 
the special work of the kidneys, and if for any reason they fail 
to execute their work, the accumulation of urea in the system 
leads to termination of life. Urea is the final product of all 
proteid substances, and consequently a diet rich in proteJda 
will increase the amount of urea in the system. When the kid- 
neys are disabled, it is customary for physicians to lighten their 
work as far as possible by regulating the diet. 

Of the salt;*, chloride of sodium occurs in the largest quan- 
tity; it sometimes disapi>ears temporarily from the urine wlien, 
ill certain inflammatory diseases, it is needed by the blood. 
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Thti chief jibnorni^Ll coriatibuentrH that are Imhie in uppear in 
th^ urine are albiimiti, giving risf^ to a coiitlitliiii I'^ill^rl aUiii- 
miimiiii, stud Hugnr, givitig rise to diiibctcs. T]ie"cftsts/* which 
are fouaU in urine in the various form?* of liriglit'a dirscaf^e, art 
s]i\it\ frr>m thu tuhiiK'H in i\\c n]iajH' of cvlincirif jU laould*. 

The qu&atity of urine passed in twenty-four hour*. - - The iiot-naitl 
quantity ot urine passed in twenty-Four houi^ \a from forty to 
fifty ounco*, or iibout tliree plnta. Tliii* will viLry in health 
with the (condition of the skin, mid Xha iinmunt of Jliiid Uiken 
into the boily. The eKci-etion of water by the kidneys id chisely 
related to that excreted by llie skin. When the bi^dy is exposed 
Uf t-'fthl. ihe hi ucid- vessels in the >ikiii .ire ntn^trLi-I^nl^iiiul the i]is- 
f^hnrge of Wiiter in the form of sweat 'in eheeked^ at the xume 
linje the hliurtl-vnsselj* nf the kidiwyss are tlilat*"d* there is a full 
and rapid stream of blood through the gioniendi, and an in- 
creased llow of urine i^Dults. Or the other hand, wheu tlie 
body is exijosed tn wiumth, the cutaneous vessels are widely 
dilated, aod the akin pcrspirra freely, while the I'enal vttif^ela buing 
conatricted, only a small and elow atrcBm of blood trickles 
thi'ough the gh>meruLh and the urine whieh is secreted is 
BCiiuty. The effect on neeretlon, however, ifi more marked by 
the amouiit of fluid absorbed through the alimentary cfloftl; an 
increased Beeretjon of water always follows an ordinary meah 
and when large c]uaiitiUes of water are drunk the amount of 
urine is '?ovre«po]idingly increased. 

The iupra-renal capsules, — I'yi't^ iriimeilrattly almve each kid- 
ney are two simill IhiUf^iied iHxIle-s of a yetlowiah eolnur. They 
riu" usually clasrtilied with the duetiess glands, as they have no 
excretory duct, I'lich organ in invested hy a fibrous eapsule 
which ^endfl fibres into the glandular j^ulwtance; these fibres 
form a framework for the soft, pulpy substance of the gland* 
and within the spac<.H of the framework aro groups of cclh. 

The supnv-reiial capsules ai-e plentifully aupplied with l^lnnd- 
voaaels, norveu, and lymphatics, and they contain aor.ie strjkiu|f 
colouring matters. In disease of tbe^ie organs, the skin fre- 
quently becomes •* bronzed," from an increase of pigment <ir 
colouring mailer, Tikeir special nornnd func*tiuTiii are unknown^ 



188 



ANATOMV PUB NURSES. [Chap. XVL 



AMOl NT OF TIJK SKVEKAL TRINARY CONSTITUENTS 
l*ASSKD IN TWKXTY-FOUK IIOUIIS, EXPRESSED IN 
(HtAMMKS AN'D GRAIN'S. (-Martin.) 



Urine In ^4 hitum. 

Walter 

Sotiilii ...... 

The Hutidef Gonsi^t of — 

Urea 

Uric ucid .... 
llippuric acid . . 
Kreutiniu .... 
Pi^meuta and fats ■ 
Sulpluiiio ocLd ■ . 
Pho!<p]ioric acid 
Chlorine .... 
Ammonia .... 
I'uti^Kium .... 
Sudiuin .... 
Ciiloiiim .... 
MrL^ne.^iuiii . . . 



lAOu nrwiiiiiRt. 



72.00 



0.50 
0.10 
I-OO 
10.00 
2.00 

;^.oo 

7.0II 
0-7.") 

3.:»o 

0.'J.j 



71.«0 



?a,:^,"iii enin^ 



l,lltl.00 



5n-.50 
7.7.J 
0.'iO 

i.j-.yj 
inn-oo 

31.00 

46.50 

108..50 

12.00 

38.75 

170..W 

3.80 

.1.00 



1110.00 



In liuo parlt- 



&52.0O 
4S.00 



22.00 
0.33 
0.27 
0.60 

G.oa 

1. 33 
2.00 
4.70 
0.50 
1.70 
7.:J3 
0.16 
0-13 



47.77 



CHAPTER xvrr. 

EI.IMIXATIO CONCLlTllEn^ THK SKl>. NAII^ AND llAIll. 
nOlHLY HEAT: PRODLCTlGS OF HKAT; IXISS OF HKAT. 

DISTRIBUTION OF HEAT; KE(iL'LAT|O.V OF HEAT. 



Having descnbed the mechanism by menus of whioh Ujb 
lunga rid the lynly of carbonic iitiU Hiid ■nater, and of how the kid- 
noya relieve Ll of uix-ft, sUta. mid water, it now r^Jtmuis for us to 
explain how the akin pkja iu pnrt ia elimiiifttion by yielding 
tip water, nut] n ccrtniii amount of carb^iiie itcld und ealtA. 

The akin. — The t^kiii is iir^U lilcu tlie kirliievstset apart to p^iv 




Flo, no, — SftTTfuw 1'^ Ki-ii^KKMi". tKvni\d«rJ. //, horny layer, onnaiBllu« ■■£ 
tt HiipnrHfilitl liomy HfiiUci , «i' . nu'»IUiri->*iLi liitrny 4'ellii^ a,L i^tt^nr lnyDr; 3f, Miilpl|g- 
liliui liyer, roiLiifiiiiK nf *-ti''- lirrkuiiliir Inyvr; /*, i(iAU^*i-4i>Ji*iJ nt jirii*klr '■I'llt, **. 
pfplnninar '■pIIh- >JfFvi4 KIitIIh tmiy <■« ifiu'CNl |insHthj[ up balwaep llie «pltlwltura iwll* 
Dt I he MnLplgblui layer. 
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form one special fuDction. It is an important excretory organ, 
but it is ako an absorbing organ; it in likewise the principal 
seat of the sen^e of touch, and serves, too, as a protective cover- 
ing for the deeper tissues lyiug beneath it. 

The skin. Like a muijous membrane, consists of two diatiuct 
layers; an epitheli;il covering, and a connective tissue basii», 
Tlie epithelium is a stratilied epithelium and is called the epi- 
dermi», or scarf-akin; tbe coJineetive tissue layer i^ called the 
dermar catiH vera (true ikin}, or ooriiun. The epidennii is com- 
posed of liiyers of cells, tlie deeper of which are soft and pro- 
toplasmic, while the superlicial layei-s are bard and horoy, 
Hetween the two layei-s is a fairly distinct line of granular- 
looking cells, the granules in which have been thought to form 
the horny matter in the superficial cells. In the coloured races 
the single layer of elongated cells next the corium contains 
pigment gramiles. 

Tfie growth i>f the epidermis takes place by the multiplication 
of the cells in the deeper or Malpighian layer. As these cells 
multiply by cell-division, they push upwards towards the surface 
those pi-eviously formed. In their upward progress they 
undergo a chemical tnmsformatioii, and the soft protoplasmic 
cells become converted into the flat, horny scales which ai-e 
constantly being rubbed off the surface of the akin. 

The thickness of the epidermis varies in different parts of the 
body, measuring in some phu^es not more than irj^th of an inch, 
ami in others as much as n'^th of an inch- It is thickest in the 
palms of the bands and soles of tlie feet, where the skin is most 
exposed to abrasion and pi'essure, but it forms a protective cover- 
ing over every piirt of tlie true akin, upon which it is closely 
moulded. 

No blood-vessels pass into the epidennis; iu however, receives 
fine nerve-fibrils between the cells of the Malpighian layer. 

The ontis vera or tme skizi is a highly sensitive and vascular 
layer of connective tissue. It is, like the mucous inembi-anes, 
attached to the parts beneath it by a layer of areolar tissue, here 
named *^ subcutaneous," which layer, with very few excep- 
tions, contitins faL The connection in some parts is loose and 
movable, as on the front of the neck; in others, close and 
firm, as on the palmar surface of the hand and tlie sole of the 
foot. 
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The cutis ve.i-n is often described as cotjaiatUg of two layers. 
a siiperPK^iiil or jiJijiiJIiiry liiyer, and ii ii^i^\nir or rctioultir layer. 

Tlie sur/ai:u uf the sii|)ei'Hci!il or papillary layer ia increased 
hj protruaioiis i:i the form of i-iiuaW conical t^evations, Gulled 
papilla, aud wJiuiuie thU hi.yfT tlcrives itfi name. These papilla? 
conUiu for the most part luoiitiU Itlnoil-vessels, hut they also con- 
tnin the termumtions of /wduUfiletl iitrve-fibres iti the shape of 
little boditM, called tactile corpuselea, 

Tin.' papilljc otcin cliielly to exist for the purpose of giving 
tbe akin ite sense of touch, being always well develtjjK-*! wlu-itj 




Tio. lir — fiRtTiiw or Sicis ftiioKiKO Two Tap" l-ft ani> IKckpku l.ivEiia o» 
KPiDHAum. (Hl4-4lniU'''k.l I it, v-HHi'itlnr |iH|tilLiLH wltli i4]>iLUr7 lni»]> |>iLFLfltDK (rum 
■i]h]A4.-riii vw-\. r: U. iiTV-ii^iiiilla, rfknEAliiliii: lat'lll*? i?i)r|mM>1fl» J; it, Usrrt pufllQ^ 

the Benae o£ touch (m exquisite. The papillte. coiiuiniog tactile 
hodips, are j^peeially lar^e nnd niimei'ou» on the palm of the 
hand Hnd the tip4 of the lin^i^r^ anil on the enrrespondiik^ 
parts of the foot, while ou the face anil hack tliey arc small ajid 
irregularly scatLered. 

The reticular layer of the coriuni is ^ continuation of the 
papillary layer, there being no real diviaion l>eMveeri tlLem, and 
is mtvle up of bundles of white fibrous and elastic tissue which 
gradually hicndrt Ixdnw with the e<Tibtiutaneon,sa["eoUr tissue. It 
cojitaiiitf tictworkB of blood-veBseUi [ymphaticsi and nervus> 
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The uppendttges of the akin uro the ujiils, the hairs, the 
sdbiiceouij gljitids, and the ewealr^lnikiia* Ttiey are all devel- 
ctyied aa thicketati^tt* or as down -growths, of the Malpighiau 
Invei- nf iln? ej^itifrmii). 

The Dfilli^ — The imils are composed of clenr, horny celU of 
ihtf e^jiilenni*;. joined top;ether so as to form a soliil. cftntiiiu<»U3 
pUle-' L'liilenieatl] tadi rmil, the tnte HkJii Li inodLllei) lo form 
wliiLl is (ydled llie bed ov mtifrir. of the iiaiL This bed is very 
Vttst^ular, anil is r:ibsed up into iiuiiitjmua papillfy. At the 
himler ]iarl of the bod of the nail tho skiu forms a deep fold» in 
whit'li is lodged the root of the iia.il. 

The growth of the nail is accomplished 
by coiifltiint multiplication of the &oft 
cells in the MiiljHg-hian layer nt the root. 
Thene cells are tranHforraed into drj', hard 
scales, which unite int<:> a solid plnle^ and 
the nail, constantly receiving ntldiuoits 
from below, slides forward over ila bed and 
pntjecb! beyond the euil of the fin^r. 
Wlien a nail in thrown nff \\y siippiirjitJon, 
or torn off by violence, a new one will grow 
in its place* proYi<led any nf the cells of 
the Malpighiau layer are left. 

The average rate of growth of the naUa 
is about ^.j of an inch per week. 

The hairsn — Tiic hairs are g'ri>wlh3 of 
the epidenulB, developed in little pits, the 
hair-fol littles, which extend downwnnis into 
the deeper part of the true skin, or even into the suhciu- 
tAneoutt tissue. The hair gi-uws from the bottom of the little 
pit or folJiclu, the part which lica wkluti the follicle bein^ 
known an the rtKJt. The sub^ititnoe of the hair is composed 
of coaler^ced horny celhi, ari'anged in diPferent layt^r^, and wd 
iisnully distinguish three parts In the stem or shaft of hairs. 
An outer hiycr of delicate, soale-like cells, the v.idlvle ; i\ middle, 
horny* thick, and coloured portion, formed of elongated celU, 
i\\t^ jihrouK mihKtixa^-e; and a central pith formed of angular cells, 
the meiiiiUa. 

The iw)t of the hair is enlarged at the bottom of the follicle 
into a bulb or knob, and this bulb is oomposed of soft-growiu^ 
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oelU, and £t8 over a vasi.'u]ar paplUiL whicli projects into the 
Im^Moiii (if the fnllitle. The h:\\r grows fnnn lliu lyittom of 
Un^ follicle hy iiiuUiiili<'iLtion uf ttit soft i'Ma which rover the 
pii|iiUa, lhet^tf fells lieeeHiirig elnngnted t<i form the fibres of the 
ti)>rt»ii» portion, and otheiwisK modilieil to tivm the niedulU iind 
cuticle. New' haira arc jnTiduced indefinitely, so long us the 
jjiijiillie and atift celU remain intact. 

The follicles cimtiunin^ the hiiira arc niirro^ pita formed by 
the involutions of the true skin and the erjldortniM, Tlu-v ^laiit 
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*i 



' ... hr- ] 

Km li^. — hfcj Ti*iN or the Skis 
111 iiiiJi^r hurface vt vjiliii^riiiiH. 



obliquely ujiwarda, f^o that the 

huii'ti (hey contain lie down on 

the surface of the body. Con- 

reeied with each follicle are 

Bni^ll muscles of plain mu^^tiuhir 

tissue; which [iilss from tho sur- 

f;ite of the tnie ^ki:l, on ihf. fitlr 

to which tfm hitir ^toffei^^ obliquely 

down^va^ci*. to he jUhu.'he<l to 

the bottom of the follicle. Wlien 

thc:te muscles contract^ aa they 

will under the InHueiicc of cold 

or toTTor, the little hnir^ are pulled up etmight, and stand ''on 

eiid"; the follicle aUo h di-^tg<;ed upwFirds so ns to cause a 

prominence on the wnrfaco of tlie skin, whilst tlie cutis vem» 

friiin wliielj the Hute musi^le arises, is correspondingly depressed : 

in thi<4 way the roughened conilition of tlj<! i^kiti known as 

" ^T(HiKe-f*kin '^ is pnKbii'ed. Hiiirs jjrow on an averfi^e at the 

nile of half an inch [ler niontlu Tliey iire fouml jdl ovi^r the 

body, except on the palms of the hniiid« and the ttoietf of the 

feet* arnl '>n llie hiit joints of the fin^'ers ;ind toes. 

The Mbaceoufl glands. — The .sekiceous glands are dniall aaccu- 
lar elanils, tfie dneu of which open into the htiir-follicleap They 
are lined with epithelium, aoci necrct^s a fatty* oily eubstanoe 
(tiebum) whioh they dirtchargo into the hair-follicios- Several 
sebaceous glands may open into the Rsme folli^^le, and their size 
ir^ hot re;Ti;lated hy the lenp;th of ih^ hair, Thu?^* Konie of (ho 
lat^t^t are found on tlie iiostrilK and other parta of ihe face. 
where tl^ey often l>ecome enlaf^tsd with |ient-up Keei'etion. Tlie 
sebum lulirieuteM tho hairs and reiiileni them g^htsHy; it nlsn 
exudea, niore or leas, over the whole surface of the nkiiit and 
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keeps it Moft nnd flexibl>^> An accMiniutiitliui nf iKia NeEj^iceous 
raiitter uimii Lli»? skin of the firtturt Juruialit-J* Liu: Uiick, t^lieesy, 
oily sulK^Uun^e, called tlie ri'rnij. tvwtowi. 

The sudoiiferoaa or sweat-^landa, — AH over tlie surfiLre of tliO' 
skin arc nuiiutii o|n.-riiiigf* or jiorca- Thei^e pores iim tlie open- 
ings tliroiigL wiudh Llie aweat-gldiiils poar their accretions upon 
the Kurfikue of the Uvly. Tiie BWeat-^laiula !ire tubular pl.inds 
with Lhuii' blind eiidn i:oilud into little bJiCn whith lire lodged 
in the truo bkln or subcutaneous tlHi^ue ; from tbe bnll the tube 
is continued ha the excretorj' (3irct nf the glimd np through 
tbe Lriie skin and epidermis, and IbinIIy ojiens on tbe surface 
by a sligbtly widened onlii.-e. Each tube is li[]ed by a aecreti^ig 

epithfliimi continuous 
with the u[]idernm. Tbe 
coiled end is cloaely in- 
vested by a mesiiwork of 
capiilaricAi and the blood 
in the capillarice is only 
Be|janited from the cav- 
ity' of the glanduljir tube 
by the thin membraiiea 
which form their r&jpeo- 
tive walls- The secre- 
tory apparatus in the 
skin is Homcwhat simi- 

Pjo. 1l4.-r"n,i.p E™ of a SvriAT-GLAxt., ^^^^* tlwtwhldi obtain* 
(I, thu cnHH rii'h f>^ Thi'iiiict; '■, intrt-.tk uf irapll- jn the kidney ; in the 
likH»i Enaido ^>'liliJi tb*^ Bwunl-daiid lies, , , _ , 

one case tht' bmod' 
vessels are coiled np within the tub^, while in the other tlie 
tube is coih-d up witliin the meshvroik of blood-vessels. 

Tin; sweat-glandu are abundant over the whole akin, but 
they iirc most numei'ona on tbe pabn of the band mid on the sole 
of tbe foot; in the trrnin* and esjKiuijLlly in liic a;:dla, they aro 
lai^er than in other parts of the body. At a rough estiuinte, 
the whole skin pmhubly p^iMsesees from two to two and a half 
millions of theue gUnds, and their conihined seci^eting power is 
therefore veiy preat. 

PeTBpiration or sweat. — The sweat ia a traneparcnt colourless 
fluid, i.)f adisliijctly salt tnste and with aelrong, ilisUnutive oilour- 
When tbe secretion In scanty it haa an acid reaction, hut when 
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abuTidaiLl it is alkaline. Tlie uhieF nurmol 4;oDatitFuentB of Hweat 
are water, italts, fatty acidrs, ilhiL, Home riiitlinnties statCi a aligliD 
amount of urea. lu variout^ fomi^i of kidnuy tiiaeaHe utx?u maj 
be present in c^oikt^iderablL^ quautiiy, tliL' fikin aupplcmontitig to 
It certain extent the deticiGGt work of the renal organf^. 

(Quantity of penpiratioa- — Under ordinary cirenm^Uncee, the 
perapmilimi ihit we are continually throwing off evaporates 
from the surface of ihe bodj without our beoominjj neiisible of 
iL This inHt^usilile i>err*pimticm» jls it in railed, nnnally :iTnounL8 
to aboul twtmty or tbirty omn^i^s in the ^^ouise of twonlj-fnur 
lionrN. The amount, however, varies to a great extent — with 
the ponditinn uf tlio *tin]osj»liere; tlie iinmunb af eXL^'i^ise tjvlci?n ; 
the quantity of llulii drunk ; tlia action of tliQ kidiieya. Varlar 
tions also occur under the influence of laental emotions, the 
action of dru^fi, or arc induced by certain diseased conditions^ 
When more awtsat ia poured upon thti durfaco of the body than 
can be removed at once by evaporation, it appears on the skin 
in the form of si^attered dropa, and wc then 3|)uak of it m sen- 
sible fierspirntion. 

Leu Important fonctione of the •kin, — Besides being an impor- 
tant excu^t<:»ry or>;]i.n, th^ skin is to n slight extent an abtiorbing 
organ- In the Nound^ ht-althy nkin. it la doubtful whether 
inatt«n< in HohiUori ean Ike u,bsorbed tlirough the epiderrnie 
Cepvering, but if the homy layers of Llie epiderniiH be renuived 
by blisitring. matters In snlution readily jliss into the bhiod- 
veasels in the true skirj. Oily sub^Uiuce^a, es|)eeially when well 
rubbed in, ni^ alrsorbed without removal of the epidermis. 

Oxygen in sm^ll amount in also taken in through Lho ekin, 
but iWia giiin to the body is ^ounterbailaneed by the carbonio 
acid whioh is thrown off. 

To sum up : the skin excretes a large amount of wuter and a 
small amount of carbonic acid and salts ; it abfcorbs a small 
amount of oxy^n aud, under eertain <:onditions, oily subsiancea 
and watery solutions: il \a h protective organ and a tjLelile 
organ ; it snpijoru two ap]H?ndjitre>i, vi^„ the hair and nails, juid 
keeps itself flexible, and Mie hair ginssy, by the secretion of 
Kt?tntm, 

Therp is utill iinother funetimi f»f liii- fkin to be considered 
before closing this t^ha[rter, anil that is the part it plays in regu- 
lating the temperature of the Ipody. 
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Bodily heat. — - In order that the bodily functiona may be prop- 
erly perfonned« it is necessary far the body to maintaiD a certain 
temperature- Just as plants are killed by the frost, or withered 
by the heat of the sun, so our tissues die if the bodily temjtera- 
ture falls below, or rises above, a certain limit- Our bodieSr 
however, difFor from plants in that they generate and regu- 
late their own teraperHture, and possess the power of adapting 
themselves to extremes of eKteinal hesit and cold, without 
necessarily suffering any vitiU injury. But, although the ex- 
ternal temperature of the atmosphere may vary considerably 
without hurting us, the bodily temperature must be kept at 
an avenige staiuiard of 98.*>* F. (;J7* C.) if we are to remain in 
a state of health- Slight variations are com|>aLible with health, 
the temperature being normally a trifle higher after eatiug or iu 
the evening of the day, hut any variation over a degree above or 
below 98-(i" F. is indicative of danger. 

Production of heat. — - Heat iu the body is produced by the 
chemical clmnges that are constantly going on in the tissues. 
Wherever metabolic changeit are taking place, there heat is setfree^ 
These changes take place more i^apidly in some tissues than in 
othei's, and in the same tissues at different times- The muscles 
always manifest a far higher rate of activity than the connec- 
tive tissues, and consequently the former evolve a latter pro- 
portion of tlie bodily heat tlian the latter. We might liken the 
different tissues of the body to so many fireplaces stored with 
fuel, the fuel in some of the fireplaces being more easil 3' ignited 
and burning more rapidly than in others. Tlie muscles and the 
secreting glands, especially the liver, are supposed to be the 
main sources of heat, as they are the seats of a very active 
metabolism- 

Loftt of heat. — The heat thus continually produced is as con- 
tinually leaving the body by the skin and the lungs, and by the 
urine and feces. It has been calculated that in every 100 parts 
about : — 



88 per cent is lost by conduction and ratliation from the surface of 
the skin and the evaporation of the pers|)iration- 
9 per cent is lost by wanning the expired air and the evaporation 

of the water of respiration, 
3 per cent is lost by warming the urine and feces. 
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Distributiofl of heat. — Tlie Wood, aa we know, permcntcs all 
ihe ti8Siieti in a ajsicm of tubes or blood-vcHaeh, Wherever 
oKiJalioii Uikofl pkco jfciiU bout in gijiionttdd, the lAJtn|rt!mtupc of 
the bk>od circulating in those tiasues is raiHodn Wherever, on 
the other h]|ii(l« the blood- vet^^i^U hvg expotitid to cviLpomtion^ 
UA in ihe TimUt meinbriiii<!H iri t1i(^ hi:kgs^ or the luotv or Itisu 
moist slcin, the temperature of the blood Is lowered. The gain 
jLiiil lijsji of he»t IwiljiTioe one Mnotber with grvat nicety, and 
the blood. nirenUtin;^' riLj)idl_v, injvv thnm^lr wiviineiv and ngniti 
thrnngh ci>olt;r tabtfs. is kept at n mnfunii l*?m pent tare of atx>ut 
lOtK* h\ In thia way the whole b<»dy is Wiuiutid in somewhat 
iLe same way as we wju'tu a house, the warm btood in the blood- 
vesdeia healings the tisr^ues, aa the hot water in the hot-water 
pipus hfiit-H ihe rooms io steani-hcatcd dwelliopsp 

EagT^tion of heat — We have seen that luittvo ehangca in 
the hjdy pn»duri.' liuat. The action oE the raiwclcs U a ^oui-ce 
of ijnin, thy aetitfity of the fjlamis durinp di^iewtiou, the active 
changes taking plae^ in the tissues during iolhiinmatioil cr 
»i][i|>uration, or tlie ebai]|v'e^ caused by ttome npecilic micro- 
oi-gAuisni, and we may Kay that there are normal and abnormal 
Moiirees uf heaL- 

Niinnally. pioduelion of litrat is halauueil by Iosh of beat. And 
the chief rcguljitor of UiIa ^alii and loHa ih undoubtedly the 
a^ln. This is well sei'o in the case of mu^scular exerciiie. 
Kvtry muacular coutnicLton givea rise to lieiU. ami yet doiing 
eevere muacular exercise the tfini[>eratiirc of the body doca not 
riAe, or ri^ea only ti> a triding extent. This id accounted for 
by the fact that when the mu^tcalai' exertion uau^es the blood 
to oireulate more quickly than uuind^ the blood -veHHela in the 
tikin dilate, the r^vveat-glaudu at tlie same time aie exeited to 
|H>ur out a mole abin^daot secretion, and the healed blood ja^iti- 
ing In larger quantitlon; through the eutaneou« veaseU (whiah 
are ko|>l well cooled by the evaponktion of the |>ei-4[iirat,ionl. 
the geueral averagf! tHt^mitiEratnre of thi^ \ha\v i^ ttJiiititalned. 

Io [lyrexia. or fever, rise of temfteiiiture ia due bo Home caime 
whicli, while in(!reaMing the nii'tji Indium of the tissues, at the 
enmc time inceiferes with the pn^eess by means of which the 
body rids Iti^elf of superduoua beat* We »ll know bow hot and 
dri- tl*e skin is liablo to become iu fevers i bow wc try to restore 
ltd function and Lower tlic temperature by baths, i^ponging, and 
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packs ; how we recognize the first signs of restored function — 
the moist, warm sweat in the palm of the hand — as a prett}^ 
sure sign that the fever is "broken," If a very high tempera- 
ture persists for any length of time, the metabolism of the 
tissues goes on at such a rapid rate that the capital of the body 
is soon exhausted- Every orga[k works with feverish activity, 
the heart and lungs increase their action, the pulse and respira- 
tion become more and more hurried, and i^onsequently more and 
more feeble, uutiL finally, unless relief is obtained, the patient 
dies of exhaustion. 

In exposure to variations of external temperature, the skin is 
also the chief agent in regulating the heat of the body. Expos- 
ure to cold causes the blood-vessels in the skin to contract, the 
cold acting as a stimulus to the viiso-motor nerves, which con- 
trol the calibre of the cutaneous blood-vessels- As a result, 
less blood is sent to the surface to be cooled, and the average 
blood-temperature is maintained. On the other hand, exposure 
to warmtli causes the cutaneous blood-vessels to dilate, and 
more blood is sent Ut the surface to be cooled. Briefly, when 
the external temperature is high, the cutaneous blood-vesseU 
dilate, and tlie sweat is also usually poured out upon the sur- 
face of the skin ; when the external temperature is low, the cuta- 
neous blood-vessels contract, and the skin usually remains dry. 

By clothing we can aid the functions of the skin and the 
maintenance of heat ; though, of course, clothes are not in them- 
selves sources of heat. The object of clothing is, in winter, to 
prevent conduction, radiation, and evaporation of heat from the 
skin, and, in summer, to promote it. Of the materials used for 
clothes, linen is a good conductor ; calico or muslin not quite so 
good, while wool, silk, and fur are all hi\d conductors. 

Subnormal temperature. — In some maladies the temperature 
falls distinctly below the normal. This is no doubt chiefly due 
to diminished metalxilism. In cases of starvation, the fall of 
temperature is very maiketl, especially during the last days of 
life. The diminished activity of the tissues first affects the 
central nervous system ; the jHitient becomes languid and 
drowsy, and finally unconsi;ious ; the heart beats more sitid 
more feebly, the breath comes more ami more slowly, and the 
sleep of unconsciousness passes insensibly into the sleep of 
death* 
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NKItVOCs TISSUE. —TIIK rPKKBUn-SriSAL 5Y.STKM: BRAm AND 
CHAXIAL KKKVKS; SPlrtfAL CoKD ANU SIIXAL NELIVES.— 
SVMrATliHTIC SVSTEM 

Nervous tiwne.— Nui-voua tiaauo ia the mont highly org^tiised 
tissue of the body. It id pi'e-emiuuntly the '-mnater tiaaue,'' 
CO a I rolling. reguUtijig, juitl tlire^'lm^ all the oihm- tlsadOB. 
Llko muacuUr tissue, it is irriUibk fttul reapcjinl* to stimuli} 
but. unlike musculai' tisi^ue, it is not contractile. 

If we sLimuliite a ticrve-tibre. certJiin mf.*leL'ulnr ehan£jes are 
fiCii'letl in the libra, urn] thesto ulumgesj ;uo tmiHmiLted uloiig 
the dhre without vbihly altering ils form. We call these 
changes thus pmjiiig:it€<l aUnig a lihpe, "nervous irifjulses.'* 
Tlie stiiikuli lliat (flail the.se nervous impulst^r^ are varied and 
nuinerouh, anil imiy oL'i^iiiat« from wtthiu the body ilh well bh 
from witliitUL. Tliey iiHiiuUy oiigLiutte firrm wUliouL: an, for 
eiample. a ray of light falls ou the neivoiia tir^sue of the eye. 
the light stimulates anil setd up (^liauges in the nervous ti^ 
sue which an^ tmusmitteti along the optia nerve to thu hrain. 
The«e nervoiie impnlflea reiwhiiig' the brain may start other 
nervous impuldea, which, travelling down eertiuu nerves to 
oorlain muselos. will cause those museles to conU-aet, in whieh 
G[iae we say a man starts. A^ain, sound falling on the ear, a 
drop of wnter fulling on the hnnd, some change in the air or 
olhrr surroundings of tile lH»dy, or some change within the body 
iUi'If, miiy HO LifTuct the nervons ti^iue that nervous iinpulses 
are sliirU^il urid Lnivtil to this |niint or thai:^ ^'vin^ rise lo mav«- 
luriiL jia they ruaeh niuseular tissue, or prndai'ing Honie other 
effnct oa thi^y ri^iirli nlliur lituiuen. Wt? m;ty say that iicrvons 
tusiie geuemtf^?^, trantiforinM, iliu] prop^gjit^ts nrrvuuis impuljtes. 

When subjected to the micnwcope, nervous tissue is seen to 
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GoiislHt of two different structural elements, viz., fibres and 
cells, both of wllich are enclosed and supported by a peculiarly 
arranged counective tissue, and supplied with blood and lym- 
phatic vessels. Tiiese I'lbres and cells are arranged in distinct 
masses, called *' neive-ceiitres," or in the form of coi'ds, called 
^* nerves," The nervous cords are cotnposed almost entirely of 
the nerve-fibres, while the nerve-centres contain both libres 

and cells. The nerves con- 
duct or propagate nervous 
impulses, while the nerve- 
centres generate, transmit* 
and store tliem. 

Herve-cellfl. — Nerve-celk 
vary much in size and 
shape ; many ai'e large, 
some being amongst the 
largest cells met with in 
the body ; others, agiun,are 
quite small, 'flie nucleus 
is generally large, clear, 
and spherical, with a single 
large and distiJict nucleolus. 
The cell substance is finely 
granular, sometimes is in- 
distiiictlj' striated. All 
nerve-cells have at least one 
process or branch, — most 
of them have more; and 
tbey are often spoken of, in 
consequence, as uni-polar, 
bi- polar, and multi-polar 
cells. In many nerve-cells 
we recognize two distinct 
kinds of processes: first, 
those wllich, soon after 
leaving the <vlU divide and subdivide, until they hecome exceed- 
ingly fine and delicate, and in some cjises seem to join equally 
fine processes from other cells; second, those which do not 
divide and subdivide, hot are prolonged as nerve-fibres. 

Nerve-Qbrea. — These are of two kinds : those having a sheath 




Fup. lir», — MirLTi-poLAii Nerve-ckll. 
(titrljidiO I', ii)Lls-.'jliiJ<U'r, or iiervt-liUrc 
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cf white 8ubstano0> and culled medullated ner^e-flbrei ; and tliof^t 
having no white >li'jjulk LMli«d uon-medaUated nerve-fibret. 

Tlit> meduUa.ted nerve-fibret cmt^isc of Lliree |i;irU: (^I) tbii 
aiis-cyliiider; {2) the white, or niedulliuy ttht-iilh; fSJ tho 
neiiri leiiiiiia, rr eiic.*lo!iiiig slienlli. 

t^l) The ax i?^-yli iidti' Ls ihe esseiitial parL (if every nerve- 
illiru. nud runs iu a Bomewhat indistitictp Htmnd in the bxIh of 
tlif fibit, mid il is S(ii[jf(iiMi^^ 
c}dlt:ii tilt ^\is-Wjd. It ap- 
pcAi-a to be in every caHc ii 
direct prolrmgation of a branch 
of a nerve-cell, and may tlitrtj- 
Un-c be looked upon as a fni^ 
exloiiding aoU 'process. it 
jiJUiscHi without any break or 
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iul«nUptioti fl-om the nerve- fi^^_ „|^„,,,„g ^^,„,,ier^ lrri>rru|.tmii n( 
centres to the periphery; that *'"? wliUe anlkslmire : ^, ftfimher m-rvn- 

u to say, It IS i-ontinnoii* from fjb^ ^.^ „,.„,, pi.tsiai.T I- auiim-d biutk 

etid to end, from its origin to **i']n>!imin iwld^ nniT lh<T aiij^-'.vliiiclir is 

. , , perm running aa jiij iiiiinlrrrikiniril Biraiid 

itA LermillUtuni. Ihrongh ih<.' conlrr of ribr,'. c^ orriinftry 

(2) Tin; ziii?didljii'v .slu'Jilh nt*pi'(*-Klirp niihiohitd; J. ^, amiilleT ntTvo- 

i- - ,, tibrPi /, i'»rlj?n»o LorvB-liLre; ^, nao-nW- 

Burroiiridirig Mm nxis-c-ylmder duiioLbNi ncrvo-nbn*. 
isafatty.tieiiiL-jtuiJd, whit^ bub- 

Btance. which doea not furm a complete tnbc> but at tolcmbly 
regnbir intervida ia st|jaiated into segments; it is not con tin u- 
otid from tnd to end like the axis-cylinder, being wanting at 
the origin and tt-rminalion o£ tbe nerve-fibi'e. (We may look 
upon tbe axis-oylindtir as thu livo or naked wii-o of the fibre, aud 
the white sheath an the isolating, non-conducting snbstJuieeO 

(S) Tbe nennlomma or enclosing sheath is a thin slrnctnro- 
lesM tnlie. which tightly encloses tbe !tir<billary slieath as the 
Barcok'mma enidone*i the niuscle-libre, 

Tb^' non-medDUated flbrei bnve nti rrK'dnllary sheath and no 
TLeMhlFiiinia. Tliev fivi|in-hlly bramdi iui the tutdnllattd fibres 
nevar do except near their termination. 

Tbo iierve-nbrGB arc gailn'reil into cords of variable Mie to 
form tbe nerves, These cords are culled /"mV-u/f. Each funi- 
culus baa ltd own ahoath of oonutictivc tistsuc. If a nerve is 
BTT»nll, it ninv consist of nnc fnnicnlus, Imt in larger ncrvi^a pev- 
eiiil ftiuiculi ors uuitcd by cfjuucctive ti^uc iut^ one lar^ cord 
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or nerve, llie whole nerve being covered by a dL'iiae tibroua 
ttheFitb of coniieetive tit^Rue. 

BejJidofl cnnnpfting the funiculi, the connoctive tissue servea 
to eonvoy Lbe blood-vet^sels nnd ]yni|i]iMties dis^tribiited to the 
nerve-fibrea. 

The nerves Ibiil conduct nervous im]»uls;es towanU the nerv^- 
centres sire rallci! afferent or sensory nerves, while tliose tbat 
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Flu. in. — 3iiL-TM?4 ttr THE Intkbhal SAPHKNOija KiCKVS, ^tliitiJ In o^mlt: 
Kckl ami suliHPitutiiily luiHi-u^ hi Hli^ubiil. Dmvtn ji» m<*-ii itiHtiiT h ve<ry Ii^h m^^ul- 
fyiii*; iJ-fWiT, lG, A. 3.) i-j', i^piiieiirjiim. or t^'iitral ^Ik^aiIi uf llip nrrvi.\ i-iMi-^lBiiilw 

clear III IVH. whh l»irr mul (licru faJ^'nli*,/./,flnd hlno'i-vfs^eli', '', ; p-r, perinourUimj 
or {tnrtii'ular ^ratli t>\ Fiiiili'ulii.i ; '•iiti, t^iiiiDikniirium. r^r i?i>jiiini:TiTu lisaiii^ wiiliin 
fithJiiiiIuA, fiiilHtJiiciJ UL wliJi'U nn* Hi;i<ii ilkc^ niir endn 4^1 the iiii^rtulljUi.'^i nt'T^^-HlifCA- 
Tlio laf-ititlii biiii Iha uurvclilirph ^kro lia-rkJ^ utaLiied by the oiiui*' iiidil. 



tmnsmit nervrms imjjulses from ihe nerve-^?enfl>*B towiirds the 
peiiftbeiy Jii"e iernitjd effurentn or nioUir nerves. Both ji(Ttijeiit 
a,iid pfTercint libres luny run in the ftiinie ^lie^itlu 

The nenrouH system. — The grenl nervfu'-entre of tlie lnx]y is 
the e«ic]jio-si»iiiiU uentre or jlxIs, coiwpting of the biiLin and 
BpinnL cord. Tbf nervea nriaing from thia centre tstend from 
thence tbrougEi tbe bodj to the muscleiiii sensible pnrts, Aud 
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other organs, formirig tbe mediuma of commnnicjition between 
these diuUint [inrU: u.rKl tlie gi-v.it iterve-oeiitre, 

CcnnecU'tl wiLli tin: nerves In viirintm aiuuiLione Are »maUer 
nerve-contreci, entiled ganglist, A aeries nf these gmiglia, joined 
together by nervous Imn^ls, form two Ihi^<* rbiiiiia on either aide 
of the verh^hnil citliiiaii, 
ett^^nding- fmin tlie buse 
of ihe (MAiiium to iho 
Goccjx- These g;uig!ia, 
with their rervts, are 
generally called the syin- 
^thetJc; tnjtitem, lUtd it ia 
usual to apeoii oF the 
nervouci wysleiu its i^oiisitil- 
irt[> of the oerebTo-spinAl 
Bystem hiiJ of liie sympa- 
thetlc system. 

Knr uiJJiveiiienee of cle- 
aeription, we will divide 
l\i*i eerebivi-spiniil HVKteni 
i[tto — 

(1} Drain and ei'jiriijtL 

nerres. 
(2) Sjiiiiftl oor*l and spi- 

ii!l1 nerves. 

Broiii and eraaial nerves - 
— Tlie hj-*iiri, ihe uiL>st 
eoniplex and hu'gcHt miv^ 
of nervouH UsfJue iti the 
Ixwly, U eonUiued in llie 

cnnii-lete bony cavity fio, ub.-Dia™**, jLLU»rBAii^~HE tii.N- 
funnt^i! hv ihe hoiieH of bhatj AmAm*k*«.it uritijt CKHhUho-SnivAL 
liie cniEiiuin. It is cov- 
ered by three membranes (also mtrued meuinges), — the dnra 
mater, [lijt iniil<i, and afheliiioLd. 

Thr dura matei, a dense membrane of fibrouH conTiective 
ttAeu<i. lines the bonca of the skulb furmiiLi; their iutermd ijerioa- 
teiinu and eovera the brjiiii. It seinln niiiiK'Vons prolniigations 
inwards for the support and protection uf the different part« of 
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tbe biain ; it uUo fontij^ !4lici^lh» for tbe nervea pasaliig out of llie 
»kull. It mjiy Ih^ tftlLtt the pn^tcctlve mumbmin?. 

Tlie pia mater \& a {lelii^ate mumbt'Aiie of ooiJtmulEve tin^ne, 
corttaiiniii,' a:i uKc^i^diii^ly itbuiidaiit imtwork of blood iiud 
lyii)}>b vci^^elti, ll dli^e down Iiilo uil tlica 
cruvli-i?B iiud dopressioijij of the braiii, 
cNirning tbe blnnd-vessel^i which go to 
every pari. Il nuty bt* ciUled the vasculiir 
or niitririve membrane- 

'Die arachnoid in » tlelicat^ membrane 
w}iii;li is jjliu-ed oiiL^ideihe pifi inciter. It 
jKisst's over tlin viiriuus einiueriut^ and de* 
pjcssious oil the siii-foce of tbe buiin. and 
does not di|J down iuta tbeni like the pia 
nuitci'. Bt^iuJith it* between it aad the 
}na miiUM", i:^ Kpiioe (niiWraohnoid spiiee) 
ill wliiL'h is a oertiiiu amount of fluid. Tbe 
tiulxu'tu'biioid H\mi!Q lU the baae of the hvaXu 
ii4 of oo[J:>idenihlu ^ize, and oontiuns a Inr^ 
aniouiti of tliis clv^ir limpid fluid, ciilLed tlie 
eerebro-ipiiml fluid, Tbia fluid probabJy 
lU'U its 11 sort of protei/tjve waier-ciishion ii> 
the deliuai^ iiervona structure, and pre- 
veiitH the efferbit of coiieuAHiouM eoinmuiil- 
(^iilei! fmm without, 

Tlie bruin Is Ji Jse[ni-snFl luiu^ of wbits 
und gn>y rmtter- Tbe white matter con- 
jiistrt of vpiyniiuill, mfdiilhUed nerve-fibres, 
ruiniiiig in various djrectiona, iiud sup- 
ported by a dolirfitu coniiectivo tissue 
vm. \VA — :*iiiK viKw fminework- Tlie ^rny nmtt4.'T conaiats of 
TKE niixiy AM. sri' ^.yiiy J^|lJ flue svxy lil>res, aluo HUpported 

lon&whUlnit^eril.'i.rf- hy n.onuet^tive tissue, 

l-n-fiiinkl -eiiirr.' un- r.- -J'|,p ^j^iii^ J^ diviilo^l illtO fcur pHneipul 

pai'trt: tbe eerebrimi, the eerebellum, Llie 
pons Varolii, And the mednllii oblongiLU. 

The medulla oblongata, is a eojiiLniintiFin of the Kpinal aord, 
whjfh, ou pjLssiug iiiUt ihr eiuuial cavity through the foramen 
nmgnurn, wideiifi into am iibbujg'sbnptid niiiss. It is direcleJ 
iMckwards and d(]Wiiwa.rdrf, its anterior suifaee reating' on a 
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groove in the occipital btine^, and its posterior ^urf&ce forming 
the fl<5or of u ijavity Letwetii tlie two liidves or hemispheres of 
the i-erebellura. The crtviiy, ^.-tiUed the fourth vt?jUri<."le. is nn 
etpivnded cuutiiiiiEitum iiF H tiny ceiitr&l cuual whiuh runs 
throiighimt the w}hkli> If it^lii of the spinal vonl. 

TItK cerebelimn. m Iiiilc: biaiti, overhiiiigs thf fourth ventrii'le- 
It is of ti Jl)ttttined obhxig shii[ie, nnd nieiksuifs from three iind a 
hiilf iiirhes {II fciur inchen trriii*iv*?i>ely, mid from U\'i to Iwii Jind 
A hulf iucLoi»irum "before biickwiirds. it LodivJUed in thtr niiddb 




Pin^ I2n — Thu hArfti or titic BHArTi. I, IniiEltinliriHl t^FWtiirn^ U, 2, ibikhor Uibv* 
of 4^rT;ljriiiM , 9. 'Afnrl'iry l«illi ; ". i>]»1ii' vtiiiiiiii**iin', 1*, 'Mt) inttw ; II, |ih htrvc ; 
l:l. Atlk r»<'nB , II, ifiinn^ri'Un ; LI, 'itii uerv*; tft. |i>iii> VnmrH, 17, Trli n^rv^ : 111, 
Sth nnp^^ , JI1. mv^liilUi "lihtuffitlii ; 'J|, !Jlli netve; H, llllli iiDi-tfn; W, lUJi n#rv«- 
9T,l^hnvrv*^ 2w, W, 3fl, :<l, 3-J,c*«Im1Iuiq. 

linp into two halven or heiniHfihertfK hy a ct^iitral dtf]trt*wioii, 
oM/rli hnlf lieiiid siiUIivided Ify fissure?* into siiiallt^r |HirlioiiK m- 
lobefH- TliD Murfmr i>f the ceM-lxjllinu i^ tmvr[?".'d h\ ituiiienms 
curves or furmw*. which var>' in depthn In thr nii'<lijlla oh- 
longAU. lilt ^'ntv mfttlcr w pWed in tlm int/^rior, jtnd liif white 
on tbc ext<inor; in the cerebclluni, the gray i« on the outride. 
Uid the whit« witliin. 

T}»' pOM Varolii, or bridge of Vamliufl, Iipa in front of the 
moduila obk>ii^\U. It oonaista of alt^matv Uyer» of trafiftveme 
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and longitudinal white fibres, intermixed with grny matter. 
The transvei^e tibre^ come mainly from the eerebellum, and 
serve to join its two halves. The tongitndiztal fibres come from 
the medulla oblongata. This bridge is a bond of anion between 
the cerebrum, c<:i-ebellum, and medulla oblongata^ 

The cerebrum is by far the latest part of the brain. It is 
egg-shaped or ovoidal, and tills the whole of the upper portion 
of the skull. It is almost completely divided by the median 
fissure into two hemisplieitis, the two halves, however, being 
connected in the centre by a broad transverse band of white 
fibres, called the corpus cailv>fum. Each half is subdivided into 
lobes. 

The longitudinal fibres of the medulla oblongata, passing 
through the pons Varolii, become visible in front of the bridge 
as two broad, diverging bundles. These two bundles form what 
are called the crura cerebri^ or pillars of the brain, and are situ- 
ated on the under surfa*:e of each hemisphere. Between, the 
crura cerebri is a narrow passage (aqueduct of Sylvius) lead- 
ing from the fourth ventricle into a smaller cavity called the 
thirtl ventricle. In each side wall of the third ventricle is an 
opening (foramen of Monro) which leads into two large cavi- 
ties, the lateral ventricles, and which occupy the centre of each 
half of the cerebrum. (It will be seen from the above descrip- 
tion that the cavities in the centi'e of the brain are continuous 
with the central canal in the spinal cord, and also that fibres 
from the cord pass into the centre of the cerebrum.) Forming 
the floors of the ventricles, lodged in the crura cerebri, and 
scattered in their neiglibourliooil, are irregularly shaped masses 
of gray matter, intricately connected with one another and with 
the gray matter in the medulla oblongiilii. The surface of the 
cerebral liemisi>lieres is folded, tlie folds or convolutions being 
deeper aiul more numerous in some brains than others: the 
whole of the convoluted surface is composed of gray uiatter 
arranged in several hiyera of cells and fibres. 

The whole brain appears to consist of anumber of isolated 
masses of gray matter^ some large, some small- — connected 
together by a multitude of fibres of wliite matter arranged in 
perplexing intimacy. But a genei-al ari-angement may be recog- 
nized. The numerous masses of gray matter in the interior of 
the brain may be looked upon as forming a more or leas contin- 
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uoufl cotuiiin, ai:d ns forming tlie <;ore of tlie central nervous 
ttVfltem. while around it jn-e built up iLe grt-nt iiuuss of the uere- 
bi'UiEL anil tliL' ^malk-r nia^i:^ of iht^ ccicbuiium. This central 
coru is eonticcted by vanuu^ iiiis with tU<r apimil rtiid. besides 
being, ati it were, a eoulinuation of the gniv matter in the 
ci?ntre of the coed. It U also connected Kt ttt^ upper end, by 
nunibei'lemi tibra^^ to the grAy matter on the surface of tlie ceiti- 
bi'Liiik- 

The different masses of ^ray matter bein^ ao closely asso- 
cuited and i:orBEn^ut<:d with one anoilier, it will be seen Lbut it 
becomes a very difli*;nlt uiiittAir to artsii^n definite fniictions in 
tleJinite art;a>s. Of late yt^Hi^, however, ^ great de^d hsu Ix-en 
&ccDmj>li»hed in this directitin, anil it baa Imcome |Kwsible Lh 
Jocale the centres that preside over the oigiin^^ of speech, sight* 
beariDgi etc», and over the movement of nmacK^a in any part 
of the bo*iy. Owing to the crowing or decusaiition of fibres in 
the niednUit oUoiigata, injuries to ncrve-cenlrew on tho riglit 
side of the brain will affect the left aide of the body, below the 
decu»tiiilion. 

The nveni^ weJpht of the hmin in the male is 4f*j oz- ; in 
the ii-inAl(^« 44 tri. It appear»» that the wei|^dit ot the hi'jiin in- 
oreaue^ rapidly up to the seventh year, more slowly to between 
sixteen and twenty, nnd still moi-e slowly tc twtween thirty and 
firriy, wheji it reaches ics maximuin. Beyonil lIlis age ihe hiain 
diminishes slowly in weight, about an ounce every ten ye^rs. 
Tht' sixe of the lii"aiii Ijeair* a peneinl relation to the t^ajiftcily of 
the imiivLilnah Puvier's bmin weighed latlier more ihati rt4 txu, 
wliilt? the biiiijt of an idiot heldom weighs more than '2Z ok. The 
numlx?r and dejjth of the (cerebral convolutions nUo l>car a rlnae 
relation if intellectual povier; Ijabicr^ and idiots h;ive few and 
shallow fohl^, while the brains of naen of intellect are ahvaya 
murli<:dlv luinvolntctl. 

The oranial nerves- — The cranial nerves, twelve in rinnil>er on 
eii*;h piid*', arise I'roui the btse of the bmin and medulla oblon- 
gal:i Ouite Fig. 120]^ and pa^^ out through o|>enings in the base 
of the skull. They are named numerically acvovdiu^ to the 
order in which they piisa oui of t!ie skull. Other niunes are also 
given to them derived from the parts to which they are diii- 
tribnted. or from their ruiicliniis. Taken in their order from 
bi^fore bai^kwardAi they aie a^ followh: ^ 
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1. Oifjwtory. 7. Facial. 

2. Oti)ie. 8. Auditory. 

3. Motor oeulL 9. Glosao-pharyngeaL 

4. Pailietip. 10. Vneuinci-gastric. 

5. Trifjioial. 11. Spinal-acceaaory, 
6- Abduceiis. 12. Hypo-gioBsal- 

The flnt or olfactory neive is the specml nerve of the sense 
of smell. It arises by three rootfi from the ijiterior of the brain, 
and sendrt numerons fibres through the perforated plate of the 
ethmoid bone, to be distributed to the mucous membrane lining 
the nasal chamber. 

The second or optic nei've is the special nerve of the sense of 
sight. It enters the orbit and is distributed to the interior of 
the eyeball. Before eJitering the oil>it the nerve is connected 
with its fellow of the opposite sidu hy a baud or commissure, 
and from this union it may lie traee<I hack along the optic tract 
to its deep oritjin in tlie t'cnlral gi"iiy matter of the brain. 

Tliti third or motor oculi nerve is tlie chief mover of the eye ; 
it supplies all the muscles of the ej"e with the exception of the 
superior olilique and external rectus. Its origin may be ti"aeed 
back to the gr^iy matter in tlie medidla o1>longata. 

Tlie fourth or pathetic nerve, the smallest of the cranial 
nerves, supplies tlie superior oblique muscle of the eye. It 
aiises close to the tliird nerve. 

The fifth or trifacial nerve is the largest of the ci-anial nerves. 
It arises by two nioU, — a posterior or sensory, and an anterior 
or motor, Tlie posterior root is larger than the anterior, and 
has a ganglion developed on it. Tlie fibres from the two roots 
coalesce into one trunk, and then subdivide into three large 
branches: the oplitlialmic, the superior maxillary, and the 
inferior majcillary. The ophthalmic branch is the smallest, and 
is a sensory nerve. It supplies the eyeball, the lachrymal gland, 
tlie mncous lining of the eye and nose, and the skin and mus- 
cles of the eyebrow, forehead, and nose. The superior maxil- 
lary, the second division of the fifth, is also a sensory nerve and 
supplies the skin of the temple and cheek, the upper teeth, and 
the mncous lining of the mouth an^ pharynx. The inferior 
maxillary is the largest of the three Jivisions of the fifth, and is 
both a sensory and motor nerve. It sends branches to the tem- 
ple and the external ear; to the teeth and lower jaw; to the 
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muscles of iniiHtic;Ltioii: it also supplies the tongue with a 
Bpucial nerve (IIk' ]iiij,ni;il) of the senxe of tasle. 

Tlie sixth III abducens nei va supplies tljti extt^rnal rectos 
miwolc of the i.')'t. 

The aeveiith or faoial uorvo ia the* motor nerve of all the 
inusolos oi t??(pn:tir^ioii in the face ; it also jinjjpliL^rt noma mutii^liia 
of the iieek and car- It artscd ulo^e U> the aixth uei've oik tho 
floor of the fourlh vetilriule. 

The eighth or auditory nerve is the spGcIal nerve of the sense 
of heiuiti^, heiiii; distrihiiLeJ exclusively to the inleriiivl eur. 

The ninth ni glossopharyngeal rerve is ilisrtLlmlec], as its 
liEinii^ iotlicjiLtes. [n [lir liiij^in< ami pltiir^'iiK^ heiug the iiervti of 
aeiisaliuii to ihi' iil^iuoum membrane ol the pliHiyriic* of motion 
to thu [ihiTryii^eal mumrles, and the ajieeial n«rve of taste to [wirt 
of the loiipiie- 

The tenth oi pncumo^astrio nerve lui» & more extensive difi- 

butir^Jii thrvn aiiy *'* ti*u *'iher cniiiiiil neives, passing through 
neck and thurax to the vpt>er [jjut of tliij nUlomeii- It 
conUiina both motor and sensory Jibi'i:^. It aupplies the organs 
of vtiicG anil rut^irinUion with motor \t\n\ i^eiiHitive lilanieiita; 
and the pharynx, a^4')[jha^s, gtonmcli. uud hi^U't with motor 
fibrt'S, This nerve Is Hometiniea spoken of as the pisi" va^ua^ 

Th^ eleventh or ipinal-aecewory tierve consisb* of two piuls: 
one» ll]i? s|jiri:il pniiioii^ ;ind llie other* the act'essory portion to 
the tenth nerve. It Ls a nioLor nerve supplying eL'i'tain muscle:! 
of llie neek. Tl. ■liff^-r'^ froTri the other tumntl nerves io arising 
from the spinal rujtj* hnt it leaves the skull by (he i^ime aper- 
ture as th^ pn run insist rie aud jrloi^jto-phatyn^eal. 

The twelfth or hypoglossal nerve ia the motor nerve of tho 
tonf;ue. 

All tlie cranial nerves, with the exception of the two ftint 
iwiir* and th^^ J^pinal at-ijcsaory, ari.se from ihc ^rny matter in the 
me[lnllu ohh)rigiitri, uoil any injur;>" to tlie medulla ohlonijata is 
aLlondod with ilii- nio^t ^nurion^ iii'^ulLs whilw cxleoHivo injury 
arrest* the res|nral^>rv |)i"'HresHefl and canNcs in*tJint dt-ath. 

It will iw oh..^"rv<*d Lhiit of the l^v'elve |mirH of I'fanial nerve*, 
four, ami a pan of a liftii. iiii.' ilistJihntt'd ii> I he evis vi;«- the <^|>tJe, 
mntororuli, palhetie, abdneous. and i\w ophllmlmJe hmneh of 
thi* fiftlu 'I'ht* *yiir hjts onr *|)eoird nerve, (ho aiiilitory* and is 
aparingly supplied with uioiur anti ^n^iiive llhi^A friini oUier 
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nervea- The nose lias also one special nerve, the olfactory, and 
is more nhiiEidantly supplied than the ear, with motor and sen- 
sitive 6bi^s from other nerves- The tongue has two special 
branch nervea of taste, — the lingual, a bi-anch of the fifth, and 
the glossal, a braai:h of the nintli: it has also its own motor 
neive, the hypoglossal. 

The spinal card and spinal nerves. — -The spinal cord is a 
column of grJiy *ind winte soft substance, extending from the 
top of the spinal canal, where it is continuous with the brain, to 
about tilt! seiiond lumlKir vertebra, where it ta|>ei's off into a fine 
thread. Ilefore its termination it gives off a number of fibres 
which form a tiiil-like expansion, called the cauda equina. 

Like tiie bi-ain, the spinal cord is protected and nourished by 
three membranes. Tliese membranes have the same names and 
practically exercise the same functions as those enveloping the 
brain. The dui-a mater is not attached to the walls of the spinal 
canal, being separated from them by a certain quantity of areo- 
lar and adi^K>ae tissue and a network of veins. Therefore, the 
spinal cord does not fit closely into the spinal canal, as the 
bniin does in the cranial cavity, but is, as it were, suspended 
within it. It diminishes slightly in size from above downwards, 
with the exception of preaenting two enlargements in the 
cervical and dorsal regions. It is usually fi'om sixteen to 
seventeen inches l">ng. and has an average diameter of three* 
fourths of an ini;h. Tlie spinal cord is almost completely 
divided into lateral halves by an anterior and posterior fissure, 
the anterior fissure dividing it in the middle line in front, and 
the posterior fissure, in tlie middle line behind. In conae* 
qnence of the presence of these fissures, only a narrow bridge 
of the substance of the cord connects its two halves, and this 
bridge is traversed throughout its entire length by a minute cen- 
tral tanal, — the canalis centrcdU. On making a transverse eec' 
tiou of the spinal cord, the gray niatter is seen to l>e arranged in 
each half in the form of a half-moon or crescent, with one end 
bigger than the other, and with the concave side turned out- 
wards. The eonves sides of the gray matter in each half 
approach one another, and are joined by the isthmus or bridge 
which contains the centml canal. The tips of each crescent 
are CiiUed its horns or cornna, the front or anterior comua 
being thicker and lai-ger than the posterior. The white mat- 
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ter (ii the uoni ts armrignd Around and lieLweBM lliegray matter. 
ibe |iri»|>iJiLioTi of gr.iy i^nd white niail«r viiryitig in diffT-j^eiit 
I'egiciMs iif the ufird. Tlie wliite niHUt^i. jih in the bruin, in com- 
|>osfd of niediilhibed nerves^ niid the graj mjitter of nerve-cells 







i'Str. bImI *n Mil, Til" Iffny iiilrtttaDcD tv p]iad«l dark, jLDi! tlie detvs^collf within If aru 



Hiid fine grJiy filires, all held t^e^ther and BUpportcd by flelir^te 
coiiiicctivu ti&aiiG. The mujority of tbo uci'ves run in a longi' 
tiidiiiLiI direi^tiori. 

Tlieiv iti Hit teu.1 divUtop batsveen the bruin und spinal conli 
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tbe brain beiug built upon the coi-tl, anil l^igeLher Lhey fonn tl 
great nor ve-ceD Ire or a)cls — the c e re bri>-a|jinal— which, by nieai 
oi the oFAnlal a.nd r>^>iiial ncn'c^. Is \t\i\ced 
conneelLivn with all p»rL3 of tb^ btx{j. Ah 
though the gray mnitti^r in th<; gpmal cnrd 
U intimately oonnecUd with Iho giMy tnatl 
in the bruin, it ]i:ut sm\ie fuiiL-tlons inil^p^n-- 
dent of the bniiji, whirh will be desoiibed in 
eonniiotiiin wiili ilit? spinal nerves- 

The ipinal nerTei, — TberL^ nre thirty-ftnfi' 
piiirs <ir ^|ii[ijil tu-i vi.'M, iin^inginl in the fullow- 
isig groi]|m, iiiid ujtiimd fnini tJin regini 
through whicih they pusa. They ate: — 

Cervioal 8 piiira 

Doraal VJ '' 

Lumbar i> *^ 

Sacral 5 " 

C'urry^edl . . . . , I |>air 

The flpinal nerves pass nut of tho spim 
cnnal through the intervertebral foramiin 
the openings Ijetween the vertebnu spoken 
of in the lesson on the bones of Lbe dpiiie- 

Eneh Hpiiml nerve hiLs two roolA, an nnterit 
root itnrl a. (xwlerior rooL The fibres poi 
netted with thf^se two roolfi aie aollecttsd ini 
one bundle, and form one norve juat Ijefore 
leaving the cunM throiigh the intervertebi 
openings- Bi^fort joining to foiin a comniEii] 
trunk, the tibrus eounectod with t-be t.>ostorior 
root proven t an eniargt'nient, ibis enlurgemcnl 
being doe to ix ganffUon, or sranU injrvo' 
centre- The fibrort of tbo anterior root arUe 
from (he ifr^ttj matter in tbo nnUsrior oorni 
and appear for the niost [lart to be direct pi" 
longjitioiw from lbe nerve-uell** ther^j. 
fibres of the {lOHterior rnot, on the othei 
hand, appear to arise in most cases fi^om tho c?ell.'4 in the ganglion,' 

and to UTOW iiiln tfif •nrrrr-ri't'trfU ftirjtiiruj (hf 'fi'iiif jntUtt^ hi tha 
posterior eornu. The tibres growing from the anterior root 



BtA.m.^tiNAr, C<'ni\ 

AStIt Hrj NIL Nl^RV bR. 

V. L\, cranlnl ncrvi^n; 
a, b, c, fl. il^iiipitlhi'na 

nnl cervlrn] hDtvtrJi^ 
i}^V2. sLtln.il dfkrul 
nerved; L^D. »li1iia1 
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efferent fibi-ea, and convey nervoua impulses from the spinal 
ct>nl to the [M^nphery. The fibres growing into the jwaterior 
rout Aie nffereiit fibi-es, und rojivty nervous iinimlses fnini the 
[eri^ilieiy to the apinitl L-ord. Tlir affeient fibres uauiilly con- 
vey sensory inipressiona. aud the ciFci-eiit motor inipulsea. 

The tlnrty-rmo p^tirH of apiivJ iiervesi contiiming williin the 
ODC slicath lioth nfFi.'rcnt and efferent fibres, ifisue nt regular 
Ititerv'uls from tUi_' spinal tranal, and ai-e distributed to all pnrts 
of the body, the 
efferent or motor 
Jibrea being dihtiil)- 
utf^d to ihf^ mn.srnlnr 
iissiLe* and ransintr 
contmrtioii of ibe 
umacles; the affert^nC 
or sensory fibres end- 
ing commonly in tJie. 
skin, and conveying 
iiervoua impulses to 
the nerve - ceutrca 
wliich give n&e to 
sciJHal ion- 

Tbe nervous im^ 
piilKew h-afij^miited bv 
tlie Hffi-rfiil nerves U* 
tJie )ii|iinal cord are 
UHtially forwnriled by 
tile c-urd to tlie brain, 
And the iiervnits ini- 
|>ulscs ."lent oul along: 
the 4'fferent fibres to 

tiie musclea are also commonly Lranamitl^d by the spinal oord 
from the bmin. And if the spinal ccird Im ho injured as to 
pmclik^olly sever its conrcftiou with the bi^m, it will be found 
that ponLlysis and iu&cmibility of the body Iwlow the injury 
will enstue, showing conolurtively that, severed from the bmin, 
the ability of the spinal cord to give riwe to sensatioiu or to 
control musculAT eontraetions, is seriously impdred. Yet the 
grny matter in the spinal oord has a eertaiF* -"r of its own, 
for ;ifl€r the cord lias been severed fro -ftsnii^dio 




NithVi?.R»oTii. A. luiluriftT *i5w; H, i^hJo vkw; C, 

riPTVf, I. ^nhirinr Huitlti', -, fiDiifL*r1»M' H^niiro; 9. 

by piiHL^rlcir ratU; r>, Q\yTfti of unlprinr rniil^ A, 
nijiTS vi yoaXvtioT ruui, Q^ ipuikMuil oii ponLcj-ioi 
rouL 
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ooiitrantion of mvwclus cMti he made to tnke plat-o. The a|j|jli- 
cation of stiiimli to tho afferent nerve-fibres ending in a portion 

of tile akin will fiet tip 
cliangea in tbe fibita, 
whi<>h changes will be 
trHiisiriLiijjd by tbtem 
Llift giiiy ni^Litev in ihts] 
posteiiar nM»t of ill) 
Bpiual cord. Ttieao' 
changes r>i- nervous iiij-j 
pulaets in^itudoF bein^ 
sent up tbe cord to tliftj 
seat of sensntioit iq 
tbe brain, and thusj 
giving me to aeoB^j 
tion. are trantimitted 
to the gray mail<rr in, 
tbe anierifir root ol 
tbe t-Litil,Hini (?anveyedl 
thence by the efftrent 
libres tn tht nmsclfs* 
whirb tliey caiisi* to] 
rnntratl. This power 
of ti-ansfoiiring .in af- 
ferent into an fSerenbJ 
inapnUe Ls termed the 
reflex |)a\ver of tho 
ftpinnl eoH. 

The BytDpathetio Bys- 
tem —Tho synip:itbL-tio 
Rysteui consiAtA of t^i 
doubU rhuin of gan- 
(rha, placed on each 
side of the epinal 
column , ami unlti^d 
with ea<"b other by, 
Vicia*.— QasEiiiL viiwui' THMSYMPATHrrtr lonpitadinal filaroentei 

linn; 4. ^. iHT(\inr riprvM : iX hrnmii uf pn^iiiiiiv lia live ^^Lalle^ thAQ 
Fujilrifl nerj-ft prJIiik Id wml-luDflr enafflJoa; 14, ^^^^ ■ ^j^ ]j ^-^ ^j,,^ 
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8|iiriAl coi^l, atid ihe ilhv&i LliAt arise from them are mostly of 

tht! imii'iiieilollnt^^il Viiriuty. 

Thest giinglia niid uervca do uiit fnrm mi inflejieinlenl ner- 
TOns syaleiii, for eaijti ganglion m connected by motor mid sensi- 
tive fibiert with the certbnil avsteiu. The syiLHiutht'Lic [lervts are 
diiitiibut^d to the vbuem imd blood-vessels, of whidj the move- 
ment are involuntary, lind the general sensibility obtUHe. They 
form network* or ]jlexTit((j.-i iipoTi the heart, iibout the fittmiach, 
and othtr vitk^ura in the trunk; they tilso enter the tmninm, 
eeitd bmnuhef* to Hie or^na of specml sense, and, in partiuu- 
I:ir, influeiiee lli« pu^il of the eye. Their most im|>ortunt 
dintriholiiin, bowevtr^ U in connection with ihe blood- Vf^if^ela. 
They form plexnj^tis around the vefistils, 
t8|)et"ially the aiLeries. and semi lihres 
iv leriniiiale in the iiLvuItiiiUiy mii-s- 
Lulm tL?i:iLie of whii'h the wnXh of 
theae tubes nrn lartrfly composed, Tlie 
nerves tbu^ dii^tributed ai^e called 
** vaso-ntotor " nerveA. 

The anitj of the nerroTifl lyeteni, — 
From thv fon-going dt'tcripritui c-i the 
nervoufi system, it ir* clear that it forma 
vue Gontinuoufi whole, thioiigh the 
agency of whii'h all the varied at^tivj- 




^^le 



tie* of the hody are tontroUea and LiEAai.- iKyhi.t'.) Tin^ rQii* 
alated. Wi 



e mav O0mij;ire it to ji plftie^or m<neriiilciirfmn'»f «»■« 
• * axi«-cyliriaeri is neou HidwAyt. 

telepraphic system, the eentnd oni<_'e 

of ^vhieh nould represent the hi-airi and spinal conl. the more 
iiHporUint siil>ofTii?es the ^sympathetic ganglia, and (lie minor 
offiveN the i^oUU■d gfiinglia ; while the lelegiaph \*iL'ej4, directly 
tit indirecily uniting nil, would cones|>ond lothe neivM. And 
just Its a message elailed along ^nme outlying wire nmy he 
trAiismitti-d to a central oHice. and. according to the informa- 
tion received, will be fltopp<'d there, or sent t*» t^onie other 
centres to be forwnvded by them in one direction, in two direc- 
tions, or nil over theeonntry, — so may a nervous impuW reach- 
ing the brain merely excite some chiinge in the brain it*ielf, or 
be sent out from thence along the nerv'e-trunks to excite activi- 
ties in varvous p^rU of the Wly. 

?adpberal Uroiiaatioa of aervet. — The uurvea have their ori^n 
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in tho gT'iy matter of the Umm, in the spinal coni, find in vm- 
ous gi;ii|pLLii; llitiLi' teriiLiiLJitioii, or pLirijihuval distribution, Lfi not 
so "jusy to detenniiie- 

AU iiervf*, trit(^ull:ited or non-nn-lnllnW nlike, in ji[iproacliing 
their final dLstnimtioii, divide; tluit is^ tin- rHineri:>us atnind-* or 
fibres vriiiL^t go to tiiitkb up a ikervH scpHi'ate from ocie aiiotlier. 
If we follow & fibre, wt; Slid, it it ]& a mtidiilUted one, tliat tbe 







*, 



P 



aheiiths euclnain;; it gmitually ditinppear, mid finiilly the axis 
cylinder itsi'H splits into itti component fibrlle. These fiWils 
may terminate in invisible tliread.s, as between the cells in the 
Malpifrhiun hiyer of epidermis, or tbey may terminate in special 
end organs^ socli tM the tactile bodies in the papilla nf ih^ 
fikiii, the round-enil bnUiS in tho ootiji]nL-tiva« tbe mutorSal raini- 
fiL'ation^'^ in tiie muAiudai' tkbivM, iind in other wuy^; too niimei^ua 
and Loo eomplicattrd for uti to alt^iiipt to describe. 

Degeneration and reg^eaeration of nervefl—Thct diTidcd euda of % 

]ier\<i IhELt ]\:i^ tieeti cat JKiru'^s Lt;aiUlv rnituu: b> (^if:utnci;il iIs.'<ijt!h — lli^t ia 
to say, tUe coioiei.'liv'e tbaue frann^uofk ii4ntef,--but lh<7 cut tiuds of tlia 
fibrpfl thEniselvi-9 do not unite. On tlio cuiitrnrj, tho iwripheral or nevered 
p>rlirni of the nen-e begina to dejetieraUs the MiPdMll;*iy nhefllh breika up 
into o maas of futty nioleculefl und ia gi-miuallj alJ^ulb«d, wud liuallj Uia 
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axia-cylinder also dUAppeara. In re^nerAtioa, the new fibrea ^ow afresh 
from the axis-cylindera of the central end of the severed nerve-tiimk, and, 
penetrating into the peripheral end of the tnink* g:row alojig this as the 
aiia-cylindera of the new uerve» each axis-cylinder becoming after a (ime 




Kt(j. I'Ji- — Knd-bulbh raoH the HuhaM Ccf^JirifCTlvA- |LanKwi>rihO '!> 
nmlrtL-alEon of iiervfi-Mbm In the mucous meDil>ruiie, and their lermiuallitn in end- 
bulbe, lasL-eD wilhu Itrw; B, an end-butli more bijchly ninirnltted ; cr, nui'lealed cap- 
sale; A, core; c, enltrin^ ttbfe bram-hinp;, and Its two dlvlBlima paminic (>■ terminate 
In the con at d; C, an end-bulb treated with oainlc acid, showing the celln of tbe 
a>re better than H. 

surrounded with a medullary sheath. Restoration of function in the nerve 
may not occur for aeverai rnonthts during which time it \» [iresnnied the new 
nerve-fibres are eLowlj finding their way along tiie course of those which 
hare been destroyed. 
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CHAPTER XrX, 

THE ORGAXS OF SPECIAL SENSE: THE SKIN, THE ORGAN OF 
THE SENSE OF T()L"CH, AND OF HEAT AND COLD; THB 
TONGUE, THE ORGAN OF THE SENSE OF TASTE; THE NOSE, 
THE OKGAN OF THE SENSE OF SMELL; THE EAR, THB 
ORGAN OF THE SENSE OF HEARING; THE EYE, THE ORGAN 
OF THE SENfiE OF SIGHT. 

Our sensations are both varied and numerous, and arise from 
within aiid fiora without. Sensations arising from within our- 
selves, such as feelings of fatigue, hunger, thirst, restlessness, 
etc., and to which we can assign no particular place, we usually 
speak of under the name of diffuse or subjective sensations. 
Sensations produced by impressions made on a definite part of 
the iKidy, and only excited by some particular influence applied 
to thiit part of the body, we usually speak of under the name of 
ttpecial or ohjeethe sensations: such are sensations of touch, heat, 
and cold, of taste and smell, and of sound and light. 

Any portion of the Iwdy to which a sensation is thus restricted 
is called a sensory organ, and of tJiCse special sensory organs 
there are live, viz. : — 

The akin, the organ of the sense of touch- 
l*he tongue, the organ of the sense of taste. 
The nose, the organ of the sense of smelL 
Tlie ear, the organ of the sense of hearing. 
The eye, the organ of the sense of sight. 

In order to be conscious of any sensation, it is necessary for 
the end-organ (th^\t is, the sensory organ which receives impres- 
sions} to be placed in communication with the brain, which is 
the seat of all sensation. If, for instance, the optic nerve, which 
is the medium of communication between the visual centre in 
the brain and the end-organ, the eye, be destroyed, the indi- 
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Tidual \nll be unable to ace ^vitb that eye. In Lbinking of the 
Bensorv organs, then, wl' must i'4^mc'iLiher that tfietf art ntntett'rtt 
9fifcttillff m'"fifieii tind adapUd to rtccivc ^erftin imprefsiona, 
tchich hnpi-esatons^ u*heti eontf^ed to the brain,,tjwt rise to dt'^nite 

The aense of toach. — The sense of triucb, lis also tlie Beiise of 
bu)\t and cold, is posaesaer) more or less Eicutiflj' by a\\ |>ai'tB of 
the skill, au[l altio by llie mucous nieiiibraTie, or internal skin, 
lining the iiOT^e and niouih. Wc nuttil in the le&son on the 
nkin. that the nense of touch is most delii'^ata in ihn^e p^its 
i^hTO tbf [KijiiltiP of tin? Irne skin an' most ahumlanl iind con- 
tain tin: fijR'oiul nei've-inalin^ culled tyH?tile corjiiisclps, as in the 
lijps of the (ingeis and tucs (^pV/r page 191). The feehngs of 
waruitb and t:old are also tainted by exciting: aensory ninves dis- 
tributed to the akin, tboug^h they arc piobably distinct from 
ih'iae which give riHo to the sense of touch. The sense of 
wiirmth and cold vnncs also In eetitdtivonoFw in ^ijift'iunt parla 
of llie body, mid \v« involuntarily test the tL^mpciatme of an 
ii^fUi or of a poultice by holding it to the ehe«k, and wbtn we 
aru oold we i^pi^oiid the palm^ of our hands to tbe tii'o. 

If the neivea of the wkin are unduly stimulated Viy severe 
prL-«siire, or hy eitjxisuvo Ut extrt^mes of ln^at or icdd, th*? <4ense 
of toucli and of tfmiK-i-atnre is lost in the sense of piiln. Tlii» 
tH al^ci tbe fAiAs if tbe nerves aie too freely ex[iOSed, ha wfit-n 
tbe epideijiiis is removed by bliHteilng, ot in Honie olbi^r man- 
Jicr. and the skin is left'M-ftw." 

The ttHMt of ta»tt. — The s|X'c'iiil orphan of the sense of taste \i 
Ihc lonj*iie. wlii'.h is a movable mu^^onhir orj,''nn coveied with 
mucous membrane- The niucoiis membrane rinyely resembles 
tho ekiri in struoture. except tbut the }iapillje it eontains are 
Uiitro highly deveIo|)cd, The papilht* projc'c't a^^ minnte [immi- 
tif^nceit and pive tbe tonpue its ebaractaristic rough appearance. 

■Some rif tho pujiilhe aix^ simple and n^fiemblt' thoH4> found ill 
the Hkin : tbe remainder are com|)onn*b' and are only found on 
tho Hurfrtce of the tongue. Of these oom|>tiinid |«pill;E there 
are Ihive varieties. Tbe hirgest., tbe rtrru?iir'aff'if'' /I'tpiflfF. are 
about eight or ten in niiinltei, iicul form h V^biL[ifd rtiw near tbe 
root of the tongue, nitb its open angle turned towards the iips> 



A compoouil iMiplLJd Ib one large niic btaritig HTcral umdler onet oQ Jtfi eur- 
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Tln- next in she are t\y& fvnff{form ^apiittv,* fcnn^ fiiini^ij^anyon 
the tip and titles oE tlie toiigiiu. Tl:^ !«iimUegt 'Mul mc^st tiumer- 
OU8 are iha^UfoTm popiUfr, fuLiiicl all over the tongue, excepting 
the nidi, anil Ijejiiiii^ iMi ihuii" fit-f sMrfnutT a foiin of cilinttd 
tj^nlhelimn. Iri t^niin' jiiilni;il-< ih** hjiir-Hkn [irof«*ti!S on Uie fili- 




tit runffifonu pupilliB] A, tiJIToriD piplllie, H, iiimrou» gloailb. 



fiiriu ^tapilliP are horny in structitre, ami their tongues are oor- 
rejsporidingly roughened, so tUat llicy flUpplemeiit tlic teeth in 
the bruising and cruahing of food. In mou these hair-Uke pr[>- 

L The iHnglfnm papilla rejiPTnlile fnnjrU linviTtg nn Picpanr^eil [ipper pontnn 
reflUn^; od a ebcrt, thick |>utlidi\ Th^< cli-cuiiiviillui..^ papllhv n«iruiUf! lb« 
huigiform, except thai tlipy are aurroumitd by a wn.Il uf iinallci pii.j>lll«. 
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ce4S93 are esoee^iingly <iolicale, Jimi seem to be spe<!iully con- 
nectoil Willi thtj sama of toiioli, whicli ou Llie tip of lUe loii^^ue 
is highly develo|jed, and wliiub sorve^* to guide the tongue in iu 
vnriaUt? and i^ani|jHL'nted niovcinonu^ 

In the L■il^'lJInv^lhue, aoina of the fungiform papUUu, and 
seMittered ulfio over tlie mu^^ous niemlirime of the tongue and 
Sfift [udau?« itre littli^ eltistm's of v^Wh lying in cavities of ilie 
epitlieliinn, callt^il divir-frnth. The biustis of tht?<e celU'lnslurh. 
or Uuite-budbt are su[]j»tifcl with nerve-Jibrea, iiiid It i» auniiised 
thrtt they ai'e miJi"e simciidly connef-ltid witlt the {jtense of ttstij 
tltrtii the other portions of tlie miKiona ni^nibmne (;ovi.oing tlie 
tongue. 

The «pocinl ncrvca of tlic Ken^t; of VfW'ite distributed to the 
tongue are thy glomio-pharyiLgeaL. or ninll: iiurvts tincl tlie lin- 
gutti or gLiHtiitor_y, a brunch of tlie fifth nerve. Tlio formur 
i^uppliea the biiiik of the tongue, and s^etion of it dentroye t^i»te 
in thitt region; the latiei* id dUlribnted tn tlie front iif ihe 
tongue, mid seetioii of it^ Hiiiiihivly, deprives the tip "f the 
tongtie of iaat«. 

We often confound tiistt* with HnielL Snlwtsinfpji whieh linue 
a .strong odor, hucIl :is imioiks, are MtLtrlled us we hnlil tliciM in our 
luouthii; and if our r^ense of smell 18 temjuinmly Mu^peiided. as 
iL Homettmed i^ by ii bad cnhl iu tlie heiid» we nuxy eul ^nrlie 
and ouionti and not \i\Ai<: tliein. lU-uce tlie philosophy of liold- 
ing the nose when we wish to ijwullow ii nauaeoiia dose- 

The BCDse ftf amell. ^ — J'lie nor^e is the ^peeial orn^j^n nf the 
sunsi,' <»f fjinidl. U corir^isLs of two [xiitn, — the i^xti-rnttl f^sil- 
UTO, the nos4j, nnd the intornid ciivitiert, the nnsnl foflsw. The 
dXtOroal nos^ is I'tmipoKi'cl of ;i triun^uhir fi'UTUPWork itf Ihuib 
'M\*\ mrUJu^L-, eovei'ed by skin and lijti^d \>y niueons ni^mhhine- 
On its under surface are two ovid-shaped o;>enings — the fnw- 
Inls — sepcimte*! by :t pniMliniK The loarj^ins of llie luwlrilji 
\\x^ pr<»viiled wiUi a niimliei' «f ^\\\X liiiir.s wliii-h arreni tlm p*LH' 
sage of dufit and other foreign snlisuni'eA carried in with the 
inspired ah'. 

Tlii- DauJ foam nrr two irregidiirlv weilj^e-sliiUH^il cavities, 
»e|^rj^led fr>in oiif HUolher i»y w pHirtitioii nr j^eptnni, and niTn- 
rauMinvtinir wiili the aii' in fmat by thi^ iintorjnr narer* i>f m^'^lriU, 
Kliiiu behind thev opm \\\Ut tbi' b:ick of tlie plmryox by the 
two posterior narc*» KourlcoTi bojictf i-ntcr into Iho fonnaliou 
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of the nasal ciiviLieH : the flour is furraed by like pnlale ant! jArt 
of iliB )4u^>«rior niHxillary boiif^s ; Lhe rtiof !k crhiefly formed hy 
thu iierforated (cnbrifornij ijlnte of liit i'llir:iiu(l iHine* jukI by 

thelwo^riiaU iilI^.iL Ijoiies; and 
in ihe outer walla ive find, 
in uUiIition to pror-esaea fiom 
oLlicr biiiK's, tlie tliruc scr^'Il- 
like tiirliiimUfd bones. TLe 
liirbiotiltdljoneH, wliioliare ex- 
CL-edingly liglit iind spoji^'y, 
pnjjetit IiUo lUo nai;£Ll citvittes> 
ntiil fliviile i]ii?m into tbi^e 
iin^Liiimltte jvissjigea fr'oiu be- 
fiM'e tvai^kwuitlfl, — the tttijic^ 
ridj'f init.]dlc, and ijifni'ior me- 
atus. Tim ^jalnte and supeiior 
tnaxUlary bones separate tbc 
misiil unj inoutli cavities, iWid 
Fn*. i:.i^-v*rtri.ii. Lo7.Q^™«.4i, thii uii [inform plate of the ctJi- 

Dtrvu; i<, brtucL tji Eifih ucrvc, A. Iiani moid forins the |>aititioii be- 
** tween the cranial and nn^al 

cavities. 

The mucous menibmne (sometiaiey onUed tbo Schneiderian ' 
membrane), whii'h t^losely covers the na^iil |mJ4Siiges, is thick- 
est aud most viir*[:idiir *tvvy tin.' tMrbintLted l*i»ncs. In some 
njuiil troubius it liei^omes timt^h ihic-keried. and swollen and 
occludes the nasal pawHages tn siith an extent as to compel ns 
to breatho thmivgh the m^nth. It cuntfldiis nuniei'ouR mucous 
glaiuls ^vliith seLiett muLiua for the purpose of keejiing iha 
membrane raoiat, — a coimlitioa wliich ia essential to jjerfectlon 
of the senae of amell. 

The luuetjua mumbrano lining the nasal chiimbera is supplied 
with norve-fibreti from tlie fir^t or olfactory uervo, and also with 
iibrcti of eomnum sensation from iliu fifth ncvve. The fibres 
from the olfactory nervt^a are distributed exclusively lo tha 
upper air-pas«nges of the nose, the mucous membiune of whicK 
JB covered with a specially modified epithelium. These fibres 

' From Schneider, the flnft analomlHt *hct filiowwl thM th? spcreTipjn?! of llie 
nose proc^Ail^d fmui i\iv lanaous meiiibiuue^ mid n^x,, &a whs (uriiierl> fiupptiwd, 
from the brtin. 
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come directly fmm the braiii througii tlie uiihriforin plate, and 
are essential to tlie geuaa of smell. Oduroua pmtLcles in the air, 
patisin^ through tbe lowcv, widci- aiz'-pAasages, pass hy diffusion 
into tbe hjgber, narrower tinsal oliambci'jji. and. faliiii^ on the 
Diueuna membrane provided with olfactory nerve-endings, pro- 
diiL^e sensory impulaeg whieh, aiseeiidiiig to th(j hniin, give ri^o 
to the fieneations of smell. 

If we wish to tinielL aiivtbiiig particularly well, we sniff the 
air lip into tbe higher nasal cliambers, and thus bring tbe odcii-- 
OU4 pnrcieles more du^^ely ihtn contact with the olfiu^tory nerve^^ 

KiU'h HiilMiajieti wa smi^ll causes i1^ own pn,rLit!ulH,r sensation, 
and ne aie not only able to rerogni^e a multitude of disliuct 
od{ii^, but also to disLiiig-niah imiividiiiil mlors in » mixed smell. 
The ftensJiticju tikcH some lime to develop after ibe eoiitaci of 
the odorous .stiuuiUif*, and may bi*t a long time. Wlicu tbe 
utiniuluii id re]ieated, the ficaaatioik veiy soon dies out, tbe 
sensoiy terminal organs quiekly licconiing exhausted. Mentiil 
associations duster more strongly I'onnd sensations of mnuli 
than round any other impreasiona wo receivo from without. A 
whiff of frthli-mown grjir^s f Wh.tt asaoeiations will it not eorj- 
JKi'e np for thoKe bappy mcirtuU wlio sptjat their ebiLdish days 
in country lanes and lields. 

The Henae of hearing, — Tbe ear is the special oi^n of the 
sense <»f hcarinj!, anil is made ujj of three jjortions, — the esier- 
naX eau the middle ear or tympanum, and the internal ear or 
labyriJitb. 

'['he external ear eonsi.^U nf an exprindet^ portion, named 
pinna or auricle, and the aaditory canal m meatas. 

The auricle i.s cooi[>osed of a thin plate of yellow fibro-cai-- 
tilage, coveryd with tfkin, and joined to tbe surrounding parte 
by ligauicntd and a icw niuseular fibres^ It ia very irregular 
in tiliap'^. and appears to be an unnecessary ap]>eiid;ige to the 
orgiiii of bearing, except tliat the central depreasion^ the coneha, 
serves to some extent to collect aound-waves, and to conduct 
tbpin into the auditory canal. 

The aaditory caoal i» ^ tubnUr pogaage, about an inch and a 
quarter in leiiglfi. lending frmn tUa coiiuha to the drum-menv 
bipine. It i» rtligbtly *^nrved n]ion itself, so as to be bl^dier in 
tbu middle Umti at eilber eiid^ It is Itited bv a pmlongalton nf 
the skin, which in the outer hidf of tbe canal la verv -^ nnd 
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Tint nt ill senaidve, ^iifl in the inner half is tbin and Iiigb] 
seiixitivff. Nenr tlie orifii^ the skin is fumishml with a fe< 
JuiirH, jLiul further iriw:u'i]>i» witli muclified swcat^tands, Lhi 
ceruTiiiiiiiii8 ^hLii<U, whicli jje[:i'ete u yellow, i^a^tjF sufaetaat 
ivsemhling wftx. 

The middle ear m tympftanm la a stnttll. irregulntl.T flatti?neJ^ 
civvjtVi siLuaitU in ihe petioiid poitioii of the temporal Umo,, 
aud litied with mucous memhrttne. It m sepju-fited from thoj 
external auditory canal by the drum uiembraiit; (^membrana- 




Fto. 130, — flBMi-niAt^KAHMATir Skctiow Tupouhu thi: Rioht Ear- J/^ tpncbii 
O, LtiD bxt^Mjul aui]llrkr;r rtujjhl ; T, lympiitiift or lirnrn-niL^nibmiip; J*. Lyin|parmni, 
or niJitli- eurL ry, ovui v\in\o-wi r, n>imd wiuduw. Ertoailiiic from T tn-r is aeen 
thft cbsiu «jf ibe lymiumid l-incA, if, EtiBt.idjinu lulie; I^, H, A", hoiij UUyriiilb. I', 

i?iriiiil]ir iniiihI nnd tn vfMl lliiilr>. J, uiirliiory n«Tvp divifll'ig luio bnaph^ for v^ili- 
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(ffttipnn'i). aiut fi"i>ni tho inlprnal enr l>y n Ijony will in which 
lliere iir« t^vo ainall o^ieiiiiiifS fovered wilh nieiiihr.ine, — ihe 
tiVit] wiEnlow or ./^^rt(r#^ni ovfiliit^ Hiid the ruund wiiidiiw cir /Vi**"] 
^rn rofuii'itt. Thu titylly of lIih niidiHf cur ir* so smill ibiit 
prohahly live or six di'opa of wiittr would c<imj>let^Iy (ill iU 
It comTniiniflates helow with the pharynx by the small potwage 
called the Eustachiftti tub*;, llirmirrh whirb air eaters the cavity 
Aiid serves tc» keep the lUniosjihcric pressuro equal on each 
aide of the [hnun-membi'mio. The niichUo eav also communl- 
(^-Eites above with rk number of bony cavities in the maBtoid por- 
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Uon of the terapoml lume.^ The ravities, culled mastoid cells, 
HTij lined Avitli niuuijiis jni^mlinini;! wliinh is ^^ontinunus witU that 
covering ihe cjtvity r»£ the lympiiiiuin, 

Slietcbing acroas tlni tympLinic cavity b a, chain of tinj mov- 
able btjnes. thi'ee in immber. aad named from their shape 
tbc malUuH or liammcr, tiie mj^ufl or anvil, ami the ftapte or 
jjlirru|t. The hamnier ia firmly stttaclied to the driim-meia- 
brano, and Ihc ftlirnjp ia fastened ijito the ovaL window (also 
covered hy mumbniim) leadiiifi into tlie inner ear The anvil is 
pbiaed betwuen tlic hammer and sjtirrnp, and atUched to boib 
by delicate articulations- Tliesi^ liltle bones are set in motion 
with every movement of tho ib'Tjin-niembnine. Vibrations of 
the membriuie are communicated to the luimmer, taken up hy 
the anvil anil tniiismitt^d to theslirrnp, whieh ifidnvetL ulighLly 
forward* and s*i\A lii nurlioii thi; membrauH coverijig the oval 
ojiening leadiiig^ into tin* internal ear. 

The internal ear or labyrinth receivea the ultimate termina- 
tions of the auditory nerve, and is, therefore, the esaentiitl piu-t 
of the orgiin of he^iring. It co]isl:tts of (1) a bonj labyrinth, 
wUiuh is composed of a series of pceuUarly shaped cavities, hol^ 
lowed out of the petrous portion of the tenipoml bone, and 
namt.'d from their uhajie the vestibnle, tho semieiroular canals, 
and cochlea (^t^nail-tihell). This bony labyrinth is lined by a 
Berou?! membrane, which §ecrele« a waten' fluid called the peri- 
lymph : and Ivint,' vvjihin the Ixmy labyrinth and j>eri-lymph is 
(2) a membranoa« labyrintli, which i^ composed of a series of 
sacs or lid>es, lilting nw)te or leri^ closely Within the vestibule* 
AumieircuhLr canals^ and cochlea^ Tlie mcmbniiions Lihyrinih 
ia fdled with n watery fluid, wdh^d the endo-lyrnph» and is lined 
for lh« mni*t fiart by siMjdally modilit'd e[iil.lielinm rells. whieh 
are connected with the terminations of the auditory nerve. 

AVe may conceive of the internal ear aa a bony cavity, elabo- 
rately tUJinelled from the expimdcd entrance or vestibule into 
oemLcircuIar CJiuaLi olmvc^ and into a canal i-csenibling e. ."^nairs 
ahuiU below. In this bony labyrinth is a certain amount of 
fluid, and a membranous bai;, dniwii out and cspanded at inter- 
vals to fit more or ItiAn tloaoly wiihiii the bony labyrinth. This 
membranous bag coiiiaina fluid, and is lined by a most highly 

^ Tht> niJLHtoid portion of ihe tfmpnrni bniie Is that roundn] mm of bano 
Wbicb oao nadiiy flULhiguiahefl behind tlio fturido. 
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epecialized epLtheliunL Aonie of tlie celU of which have hAir-like 

processes pioje(;ti[ig into the fluid, others have tiny grains of 
calcaE'eous sand ^ attached to their surfaces, and all of them are 
connected with the thousands of nerve-flbres into which the 
auditory nerve divides after entering the internal ear. The 
coiistnu^tion of the whole ear and its position in the centre of a 
bone is foi' the purpose of protecting this delicate and highly 
orgaiii^.ed ineinhnhne* hy lueajiH of which alone sound-impres- 
sions can be advantageously conveyed to the brain and give i-ise 
to the sensation of hearing. 

All bodies which produ<:'e sonnd are in a state of vibration 
and commnmcate their vibrations to the air with which they 
are in oontart. and thijs the air is thrown into waves, juat as a 
stick wavcil l)ackwards and forwauls in water throws the water 
intti waves. 

When air-waves, set in motion by sonorous IxuHes, enter the 
external amiitory ranal, lliey set tlie drum'membrane vibrating, 
stretched niomhrancs talking- up vibriitions from the air with 
^rcat readiness. These vihvations are communicated to the 
chain of tiny hoijcs stretching across the middle ear, and their 
oscillations cause the membrane lejiding into tlie internal ear to 
be alternately pushed in and diawii out, and vibrations are in 
tins way tiansinitted to the peri-lymph. Eiich vibration com- 
muiiicaled to the peri-lymph travels ha a wave over the ves- 
tibule* semicircular canats« and cochlea^, and is ti-ansmitted 
through the membranous walls to the endo-lymph. The vibra- 
tions of llie endo-lyin[jli are connnunicated to the s|>ecially modi- 
fied cells connecteil witli the enditiga of the auditory nerve, and 
nervous impidses are conveyed hy the ariditory nerve to those 
parts of the hrain^ stimulation of which gives rise to the sensa- 
tion of sound. 

The effect i>roduce<l by a sonorous vibration continues for a 
short time aft<^i' the cessation of its cause. Usually the interval 
between two different impulses is sufficient to allow the firat 
impression to disappear before the second is received, and the 
ear distinguishes them in succession. But if they follow each 
other at equal intervals, with a certain rapidity, they produce 

1 In th« wfills of the vestibule are two amall maa^s, called otoliths, which an 
composed of (^riLina of calcareouti sand. It ia not known what apeci&l part these 
otoliths play in the productLoa of sound. 
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thcs Impression of a oouLiiiuous Houad; and tliiK sound has a 
liiglier ar lower pitrli, iic»(^r>n]ii]g in the nijiitlity nf its vibrii- 
tii'us. It luis [yti-.n discovemJ that Honctrmis impulsBS f<>lk»wirig 
eaoli iither ivilli a rapidity nf less tluut sixteen times |>er seetnid, 
are separaUrly di5Linguishp^blc; IniL j\buv« ilmt fre<|iiiiiMiy tlicj 
are mei^cd into ft ciiutinuous sensition, Wlieti the rtonoroua 
imjrijlse^ Jki'e repealed iit irreg^ahu' iuterviila, thij only characters 
jK^i^ceptiblc in the Bound ai-e it^ iutciLaity mid quidity. B\^t if 
lhc\y ttuecoed each other at rcguhir iiiliirvala, the sotiiid pro- 
duced has R position ir the musical seo-Ie oa a. hi^h or hiw note. 
Tin? luoie fiv^ueut Vhe repetitioiia, the higher tbo noto; hut a. 
Hniit is Hi hvst reiichei.!, at which the eai' fiuls to perceive the 
sound, and an exeea^ively hij^li nolu i& therofi>ro in:ti](]ibk'- 
Sonorous vibnitions, perceptible to man as musical iioteH^ range 
betwi^E^n kIyU'i^ii |>er semnd for Llie lowest nutea, und 88,000 for 
the hi^hesu ([>jLlirin. ) 

The lensc of lig-ht — Tlie eye is the Hpecial nrgan of the eenae 
of siglil. and coiuii.siA of ihe eyebjill, oi Kye proper, Jiiul nf rtceea- 
MOry piolcrtive Lhppendaged, HUuh as the ejcijrowHf c^jelids, 1ai;1> 
rymal ghtncL*. etc. 

Till- eyeball i?* coutiihit'd in a bony cavitr. tlie oibit, which is 
piuldcii witit fat i\ud lined with a inembntiioUA C]L].idU.lc, — tlic^ 
capfiule of Tenon. This cnpHule i» a i^en^ua sac one layer of 
wliii-li is filtiU'hf^ii to the pt^sti-iior portion of tlie <'VebaH. wLile 
the oiber Uiie^t the oi-bitiil (^rwity = ii^ l^hia wuy Ihi; eyobiill ia 
LttolaU-d from tiurrounding Btructures* and free niovenient \vitfa' 
ont frielion is insured, Tlie orbit in Hhaf^ed liku n four-suled 
pyramid; ibt- apex, directed barkvvanh) and iriwaids, in pkL^iccd 
by u largL^ opening, — the optic foramen, — ' tlirotigb Aviiicli pa^ 
tht" nerves and bloffli-vessels distributed to the eyeball. Tlie 
Irtse id tbe orbit, direcl^^d outwanls ;uid forwiirds, fonns i\ Hlmng 
hony edge for proteetlng the eyebidl fioni injury* 

Tbe ryebiill is sjilient:al in ciliii|>e, but its tmnaverse diameter 
is le^ than tbe ariLcn>pirtfl4;rior, ao tiiut it pi'ojecttf anleriojiy, 
and biok.H ad if a sectioti of a smaller spheit: had been ongi-aftod 
on the front of it. 

The cyelMiU i$ compo^^cd of three coat« or tunice, and contains 
three refracting nitdia or bumouna. Tbey are aa follows: — 

TuaiDi- — 1. Siderotic and coinea. 

2. Choroid, iris, and ciliary proceHseH. 
S. Hetina. 
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Befrootiiig media. — 1. Aqueous. 

2, Crystalline lens and capaule. 

3, VitreouB. 

The Mlerotic (derived from a Greek word signifying bard) 
Govera the posterior ftve^sixths of the eyeball. It is composed 
of a firm, unyielding, libmus membrane, thicker behind than in 
front, and serves to protect the delicate structui-es contained 




1*10. 131. — Thk LHrr Rtbball iif Horizontal SKr-rmN from bbforb Bacs, 

t» AclfiTotLo ^ 2, JtmrrUm of M'kroTlc and rorpea; -i, corQcn; 4, *i, conjanctivml mem- 
braiia; 7, ciliary niuw-le; 10, f'hotoldi 11,13, ciJiBry procesMB; 14. iris; IS. retina; 
Ifl, optic iivrve; 17, artery tiiil«rlnK retina; IW, fove*" penlraliri^ IH, reKion where 
ABiiHOry pHFl iiF reliiiit entire; 'Jti, '27, 3H, Hre plai'sd nn tbe lena; SS. SDApenaory !■£■- 
meiit plju-e^ ]itouij<l lens^ -£it, vitregiu humour^ 30, aqueous biunour ia antarioT 
cbAinlH^rr 



within it- It is opaque, white and Bmooth externally, and 
beliind is pierced by the optic nerve. Internally it is stained 
brown where it <'omeH in contact with the choroid coat. The 
comea (derived from Latin comu, born, and therefore also sig- 
nifying h!«d) i:overs tbe anterior sixth of the eyeball- It ta 
directly contiinums with the sclerotic coat, which, however, 
overlaps it j^lightly above and below, as a watch-ciystal ia over- 
lapjjed by the ease into which it is fitted. The cornea, like the 
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scIerotiCi 1:4 (^ompascd of fibrous tiaaiic, wJrich is both Hrm and 
'utij'i^ldiiij^, but, unliku the sclerotic, it htia no colour, tind Ls 
j>erf«i^tiy tiiti^^pai-ent: it hiiH been aptly ternitd the "windoiv 
of the eye." lioth tho toruea and the autfiioi- portion of the- 
Bclerolic are (covered b>' refiectioua of tha thucoiih membrani: 
tininfr the eyelid?^, Thi^ U c»lltid the cotijiiiiutivji. and, Ve\'l 
well lubiiciili^d by the nocretions of th^ eye-T giver* tlic eyeball 
it^ [lec^nliur sliLEiing i;jicl ghissy aspeRt^ The Ki;]eroti<^ is ttupjtHtttI 
with \t'.vy few MucjH-vi'ssoIh, jtrnl Llie exist*iju"i: of fiervtw in ir. is 
dimljlful; wbile Mm L'^uriea hits no bbic.nl-vestn'ls, but, i^ \v*"ll 
»u}>|jHed wilh nervf^a. 

TfiL- choroid, or yasuulnr tojit of the eye, h n tb'ui (buk-bmwn 
nienibiiitif lining tbe inner siirfftcu nf ibc fiileroiic. Jt i* i^fun- 
post?d of oonnectu'e tissuoi. the cella of which me krj^e and 
fille'l witli pig-inent, riTifl it contniu^ a rlosi^ ntitu^tn'k of blood- 
veaselji> It extcn<.ls to witbio a. alioit dliituncG ol ihe Gornoa, 
utid then in folded inwai'da »iid ai'ran^ed in radiaLing folds, like 
a [ihited nttHo. niounil rhe lens and jiBl bt-himl iha eilgo of 
tbe cornea. The choruid cmil, |iroperly apeiikin^, terniinnteu 
nnlenorly in the ciliaiy prot^esses, aimngTid, in* ;ibove Htiil^d. in 
A rit'tlrtting eirele round Ll»e len?* ; bnt vlowly connected witb 
the anterior margin of the ehorriid is the iii*. 

The irli (r>/>, i-n,inbiiw) in 11 eoloiii-ed« tibio-mnKeidar cnrUiit 
Imri^'ing io front of the leTis uml liebind tJiif corneik. It i«i 
attiLcbeil at iU (nri'tinifrreiiori to tiie I'liorolJ, nitb wliich it is 
prftctit-ally continuon?. and is also connected to the aolerolic 
and comejv at the p(*ini where they join oeic Auoibcr. Except 
for thia attacbtnejjt at its circumfereocc, it hanca free in tbe 
intei'ior of the cyebnll. In the middle nt' the nis 16 n cii^;ubkr 
hole^the pupil — tbrouph which light is Hdniilled into the 
eye-ehflnil>er. The irits, like the choroid, id composed of con- 
nective tiM^ne eontaiiiint^ a large nnnkber of pigment celh nnil 
numerous blodd- vessels, ft contains in addition two bcIa of 
pUitj mnHcnhir librts. One set. form« a flat band round the 
margin of (be pupil, and la ealled tbe HphincU-i tn- rontrnrttir 
ef tht pupil; tlie otber set consists of radiating fibres converg' 
hiff from ihe riix-iimference to the centre* ami I** ralli'd ttie 
diitifur lif f//r pupil. The action nf these niHscle-fihre* is 
affected by lighU Under the infloence of a bright light the 
pupU involunloi-ily conLiacta so that lens light ia admilled into 
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the eye-ehambor: in a dim light the pupil involuntarily dilate* 
to admit iw luuoU light its possible. The pr>*terioi- surface of 
the irk it4 i^overed by a thick layer oF pigmeiitrcells design 
tn tbu'ki.'n lln- riii'E.iLiri mid [iriiivuJit the i^iitmrii^e of ligl^t- Tl 

Autfiior fsiirfHtit (ii ihe u 
is ftleo covered with pj 
ment cells, nnd it is chid 
thesis bitter which ciiuac the 
boimtiful colours eeen in 
irifl. The different colours 
of c-j'es,howevijr, oro ma 
due to iho amount, and ni 
to ihe colour, of the pij 
Mii*nt (lE;[iositcd- 

Tbe retioa, ihe innermo 
ii(uit of lIii* I'Vfbiin, iK Lhi 
m^wL essentiikl ^wiil. of th 
organ of aighU since it 
the onlj one dhectlv sensi- 
tive to light. The aclerotio' 
ie the prol^ctive, the choroid 
the vaacular or nntritivt 
and tlie retino is the visuj 
or perceptive, layer of tl 
eyeljull. It furni!^ a nearl 
Lprin^[)art*nt meiiibiane siti 
aJed hftween the irmi^r sup-I 
fai^e of iho chnroi*! and th 
outer siirfairfi of the vil 
ons hnmonr, iind extending 
Fm, i:«.-r»[AoiMMMATiL' ScrTiQ?* OT froji, the eutmiife of tl 

iiiiiBr FHirrnct't 'v iriti'rri:il liiulltne mem- Optie ncrVO tO the COI 

bmnn; 1, i-jef "f ii^nrx'^iiPitf*: -J, i»j-pr ..f nicneenjent of the cilini 

7. Ui?Hr of rodn ani vonea-. H. iii^nHnt rpUs; processes, where it tc 

d,-jui«r**urr«ctt,. ^^^^^ by an indented border/ 

the era gerrata. It is comj>nsedof oiglit. layei's and two limitinj 
mctnhpjinets as sliowii in the aconmpivnyjng ti^-ure (Fi^. 132] 
The most eaaential of these layeis nrt* the first and seeond. 
the layer of nerve-fibres nixtl the layer of nerve'eells!, — and tl 
seventh layer, — the layer of the rods a:id tones. The layer 
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nei've-fibies ia formed hy LLe eK[Mmsioii of L]ie nptic nerve nfter 
iti has pa8?^t!d Lliro[ig]i l!ji! i4i:I{?rijti(: niid L'horoid coJhtJ:^ ;it Uie l^itck 
of the eye. At its entrance it forma a slight prominence, and 
the» mdiatoa lattcily in every direction in the form of a closely 
Bft layer of tint] fibrUrt. The aeconJ Iftver, or hiyer of nerve- 
cella, consists for the moat part of bipolar' oelUi, pi'ocesaes from 
whieh extend into the lnyei- above and Woi,v. 

The layer of \-fidt< aiul L»otie8 ia the most i^emarkable of all lliu 
retiJLHi lavera ; it [& eomjiotied of elougateil nucleated eelU, 
which lire snppoHed hy ^ouie amIioritieM to Im highly speeialized 
epitheliiiin eelk: they are directly coneenied in producing the 
fienHjition of light. Hays of light pntdueu no effect u^ion tlie 
fiptic iiei'vo withont tlie interventuin of the nn]s anil fonea. 
This a proved i)y tlie faet Umt at the enlrani-e of the optic 
nerve there nre no rods and cones, and this spot is quite blind, 
rays of light falling njion it producing no sensation. There is 
one i>oiiit of the i-etinn whidi is of great ini]>ortjinco. and that U 
the mttfula Iritnr, or ytdlow spot- It is eitnated about j^ of an 
inch to the out^^r side of tho entrftnco of tlio optic nerve. In ite 
centre ii* a tiny \t\i {/(Hfvn t'i'rttfaliv} whieh iu tlie centre of 
direct vision ; that in. it is the part of the i-etinn which ia always 
tomed towardii the ohjuot lof^ktid nl» From this [mint the seu- 
Hitiveness of the retinu g]-ow>J less and less tn all directions. In 
the fovea eenlnilis tins rods are higldy deveki]»ed, but most of 
the other layers of ihi? reiina are wanting. 

Li^ht niiLv 1>e ilesenlwd as consisting of vibnilioiitf In Uie ether 
whi^h jjervafles space. These ethereal vibrations enter the eye 
through the comea, pass on thi-cugh the pupil and mfracting 
fneditu Jinil strike on the retina. Here they e\cite the irtds and 
conert <coU-bodies specially a^lftpted for receiving sthuulation 
from mys of light)., and these pas^ on their etimulation to the 
fibreti of the optie nerve, wln<'h in turn tmnamit the stimulus to 
the visual centi-L* in tlie brain, and the aensjition and perception 
of light is produced. 

Behind the hiver of rnds and cones, and lying rn the choroid, 
» n. beantifid UKiSHiic liiyer of pigment cells contJiining a puqde 
HidistAni'e which sbdns the rods., and is constantly lileached by 
the iuti^n of lii;lit iiiii1 n-^i-nei"3U*?d in the dark- 

rhc refracting media of the eye, — The interior of the eyeball 
^ A bipolar c«II U a colt LaviDg two pioceoMB. 
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is divided into two chambers by the ciystallme leoa and iris- 
Tlie " anterior cliamber," the portion in front of tiie iris, is filled 
with a colourless, transparent watery fluid, tiie aqneoiu hnrnonr. 
Tlie "posterior uhamber'* is filled with a eemi-iiuid gelatinous 
substance, the vitreoQB humour or body, ^o called from its glassy 
and transparent appearaiiue. Its refi-aotive power, though 
slightly greater than that of the aqueous humour, does not differ 
much from th^it of wsitcr. It distends the gi'eater part of the 
sclerotic, supports the retina, which lie^ upon its surface, and 
preserves the spheroidiil shape of the eyehall. 

The crystalline lens is a ti-anapjirent j-efractive body, with con- 
vex anterior and posterior surfaces, placed directly hehiud the 
pupil, where it is reUuned in position by the counterbalancing 
preasure of the aqneous humour and vitreous body, and by its 
own suspensory ligament. It is a fibrous body, composed of 
long riband-sliLiped fibres and enclosed iu an elastic ca^wule. 
Its refmctive power is greater thajx that of the aqueous or 
vitreous hninour, and it acts by virtue of its donble-convex 
form as a converging lens, bringing parallel or diverging rays 
to a focus on the posterior surface of the retina. The function 
of the crffsUdlhie hnn 1% to 4/ive perception of form and outline. 
If the eye consisted only of a sensitive retina, impressions of 
liglit could be received, but the form of objects would not be 
distinguished. By focussing the rays emanating from an ex- 
ternal object, the crystalline lens produces a distinct inverted 
linage of the object on the retina. 

The actiou of the lens, in thus focussing the rays of light at 
a particular poiut, may Iw illustrated in the following manner: 
If a slieet of white paper be held at a short distance from a 
candle-flame, in a room with no other light, the whole of the 
paper will be moderately and uniformly illumioated by the 
diverging rays. But if a double-convex lens, with suitable cur- 
vatures, be interposed lietween the paper and the light, the 
outer portions of the pajier will become darker, and its central 
portion brighter, l>ecause a portion of the rays are diverted 
from tiieir original course and bent inward. By varying the 
distance of the lens from the paper, a point will at last be 
found where none of the liglit reaches the external parts of the 
sheet, but all of it is concentrated upon a single spot; and at 
this spot will be seen a distinct image of the candle and its 
flame. 
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Perception of the figure of esternal objeota therefore depemla 
on the uctiou of the cryc^talline leus in cimvei'gin^ ihll the niys, 
cnisbiiaUng ffom it given point, to a fouus on the ii^ciii^. When 
the IdHti of the eyo U too L-onvex, and its i-efractive power 
excQABive, the rsLyn of light converge too soon and orctss one 
another before reacliiiig the retiiui,, consfqiiently, Lhti iniiige 
proJiHied ia not eoiioeiitrate*! and [listim^t. hut. ilrsjiei-sed nuiva 
or 1<4S8 over the Hurfnue of the rethm, ih diffiubd and dim. On 
the other haniV if tlm leim 
iri loo flttU tlie inyM do luit 
converge soon enough^i ;Lud 
the irucige m ftgain diffused 
and indUtinct. To reamdy 
a too ^reat convesity of the 
lend in the short-tiighted or 
myojiiL' eye, conciive apecta- 
ele^ are used to dinpeit^e tbe 
mys : lo remedy th<i flattt^ned 
lenf* in the hypernielroj>ic or 
long-sighted eye, we employ 
convex glas«ea to conren- 
trale nnd focns the rays 
more quiekly. 

A normal eye im eiifMiljle 
of dlstini:t vihIoil lliruugh- 
out an ioinieiiae moge- We 
can eee the atni^ inillionft of 
miles away, an<l ^vith the 

flame eye, (hougli not at the aame time, we can see ohjecta within 
a few inchcfl of ua- To be able to see ohjeuttt raOliona of 
milefl away and within a short ranye, the eyo has to aeenni- 
icndate or adjuaL iiaelf to diffei-L-iit distances- This ac- 
commodatioti is aecompliahed mainly by the leua changing its 
ootiveifitv. In neeommodatin]! for near object*, the It-ns be^jonies 
mnre eonvei ainl llie pupd of ihe eve Iikewist* couLniiitii. This 
cnnveKliy is brought about by museular effort,^ and m ahvsys 
inoiv or less fatiginng. The ai'i'onirnoihitiou fur distant obji.'cti» 
w a passive coiidiiion, the convexity of tlie lens bting unaltered 

1 roTinevtnl willi tlie Lena aru iSny ihu&cIgbi — Llic ciliary miualtA, — ooiitVHfltUm 
of vLieh dlun the ati&pa cif the liui«> 




iA], A Mvopir KTt, {Itf, AVif a Uirpicii' 
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anil the pnptl of the eye dilated, and it is on this account that 
the eye t'estpS for an indefiuite time upon remote objects without 
fatigue- 

The eyeball is often compared to a photographer's camera. 
It is es^L-ntially a hollow spherical box filled with fluids, having 
its interior surface blackened by pigment, and contaitiing a 
system of lenses by means of which images can be formed, and 
a screen upon which they can be received. In front is a cui> 
tain or dia[ihntjfm (tlie iris}, with a variable central aperture 
(the puti^O ^o regulate the amount of light admitted. 

The colour of ligUt is coui^iilered to be analogous to the pit*:h 
of sound. As tlte latter is determined by the number of vibra- 
tions of the atmosphere which strike the ear in a second, so the 
former depends on tlie waves of ether which strike the retina in 
a second. The lowest note of an ordinary musical scale ha^ 
as we Ikivc alveailj' remarked, sixteen vibrations ]jer second; 
the highest, 38,000 per second. The number of ether-waves 
which strike the retina in a second to produce the sensation of 
red (which lies at thel)ottom, so to speak, of the colour-scale) 
is estimated at 4 T 4, 430, ti 80,000 ,000, The number I'equired to 
cause the sensation of violet, which lies at the other extreme of 
our colour-jierception, is estimated at 699,000,000,000,000 I 

The musciea which move the eyebidl are the four straight or 
recti and the two oblique. They liave been sufficiently de- 
scribed on page -5rt. 

The ap]>endngcs of the eye are the eyebrowa, eyelid* and 
la<jlirjmal glands. 

The eyelirows are composed of two arched eminences of 
thickened skin, connected with three muscles, which by their 
action control to a limited extent the amount of light admitte<i 
into the eye. The eyebrows are furnished with numerous 
short, thick hair^, lying obliquely on the surface. 

Tlic eyelids are two folds, projecting from above and below 
in front of the eye. They are covered externally by the skin 
and intt-rnally by a mucous membrane, the conjunctiva, which 
is reflected from them over the globe of the eye. They are 
composcfl for the most part of connective tissue, which is 
dense and fibrous under the conjunctiva, where it is known 
as the tnrKn«. 

Embedded in the tarsus is a row of elongated sebaceous glands 
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(^ihe Mcibi^mmn gliindis^), the ducte of "s^'bioh opoa on tho edge 
«f thfe oyelid. Tho aaurotiou of theac' glanils is provided to 
prevent lulbtslnii of the eyelida. 

Arranged in a double or triple row at the margin of the lids 
ore tlie evelstshes: thoi^e of the U[ipei" liil, laore immtrous niid 
longer lliiiu lite h>wer, t!iirvi^ upv^iird*; iIiom« of the lower lid 
curve dowuwAnIrt, so that tliey do not interlace in closing the 
Ihls, T\ir. iip[>er lid is ctHjnOj[?ci to ii stnjtll muscle whii-li in 
called Lh^ i^levatoi of i\iG iij>pi?r lid ; ^Lod iiriiokged a?4 a sphiiii^ter 
around Loth Itdb lb the urblvularU ptdfifftrtinnH muscle, which 
cloacrv the eyelids, and is th« direct autngouist of the elevator of 
the uppor lid. 

Thu alit bttween th« edgea of the lida is called the palpe- 
brid lidsuro. It 1^4 thu nizy of Ihia liwsure which causes the 
U|i|K?anLuce of large and ^mall cyeu, a« the tfize of tho 
lobe itself varies hut little. The outer ani^lo of this iisfluro b 
called the eTtet^ml caitthutt; the inner augle, the hitemat can- 

The eyelids are obviously piMvided for the protfiction of the 
eye ; movable Hh*uh?s wlueh by their oloaure exclude light, pai^ 
liflos of ditsl. iind other 
ihjuniiiis ?^nltiUuL^<.*H. 

The lachrymal gUad is 
aci>m|>imudgl,tiiii,cl'»5rlv 
ri?[4i;mbLiug llie s^tlivaiy 
glandrt in structure. It 
secretes the teaj-s, and is 
lni|g<«d In adepre^sii'ik at 
t\w outer angle of the 
nrhit. It iH nhour the Aize 
and vhajre of v\\\ ^Inuuid, 
lu (laetH run o1ili(]iieIy 
ht^neiilh ihi* rniijiLiii-tivit, 
ttJid ojH^ii by :l si-rieA of 
miautf orifices npon tbc 
np|>er snrf-ir.-e of \\\*^ eve. 

After i^Lssiog ovi^r tht^ Hurfatie of the eyeball, Ihe tears ar« oiirried 
away thvHigli minute openings in the inner angle of the eye into 

^ By |[LVL^r^ll1f; iLtc f-ycllda, tbcuc ^aodfi ni«/ h^ Jtctiv threush Uip cdiijitridlVM 
lylpft In paraUt'l ruwH. 
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the lachrymal sac, which is the upper dilated portion of the nasal 
duct 

The na^siil duct is a membranous canal, about three-quarters 
of an inch in length, which extendi from the lachrymal sac to 
the Inferior meatus of the nose, into which it opens by a slightly 
expanded on lice. 

The tears cojjsist of \vnter containing a little salt and albu- 
min. They are ordinarily carried away as fast as formed, but 
under eertitin circumstances, as when the conjunctiva ia irri- 
tated'H or when painful emotions arise in the mind, the secretion 
of the lachrymal gland exceeds the drainage power of the nasal 
duct, and the fluids, accumulatiji^ between the lids, at length 
overflows, and runs down the cheeks* 



CHAPTER XX, 

FEMALE GENERATIVE ORGANS. 

The inttimal female generative oi^ns Are vagina, uterus, 
FjiUopiati tubes, and ovaries. 

The vagina. — The vagina is a diatetisilile and curved mu^culo- 
membranous canal, extending from the vulva to tbe uterus. 
The posterior wall is about three and a half inches long, while 
the anterior wall is only three inches. The front or anterior 
wall is united by connective tissue with the posterior walls of 
the bladder and ui-ethra, the partition or septum lietween tbe 
bladder and vagina being called the vesico- vaginal, and that 
between the urethra and vagina, the u re thro- vaginal, septum- 
And, if we divide the posterior wall of the vagina into five 
sections, we find that the middle ihree-Jifiha is connected with 
the rectum, the united walls forming the recto-vagirtal septum ; ^ 
the hwer jifth is separated fi-om the rectum and is joined to the 
perineum ;^ while the upper fifth extends up behind the neck of 
the uterus. 

The vagina is mjide up of three coats, an outer, fibrous; 
middle, muscntar; and inner, mucons. The muscular coat in- 
creases flnring pregnancy, and the mucous coat is ari-anged in 
transverse folds or rngse, which allow of dilatation of the canal 
during labour. 

The utenu. — The uterus is a thick -walli^d, hollow- |>ear- 
£«ha^>t;d organ, aitimted in tbe middle of the |>elvic cavity- Its 
upper end is a little l»elow the level of the sui)enor strait of the 
pelvis (^vifh page 4^); its lower end projects into the vagina. 

' Perf oral ion »< of tlie vi-HJco-viL^innl and i^clo-vnginal partltlonj) conAtUute 
Tpfiico-vaffirm} ami n-^-tH-vA;:!!!!] liitiiliP. 

" Tbe ]>etintmn ik u triancular wiTllon of lisflue. jnade up of muRcli-n utren^th- 
«ned with fascLH, pJacetl tH'tween the ri.i:tum and vagina, aad fotmLng the floor 
of lh« pe]vifl. 

S3T 
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The bl.itldcT liea iu frant of it; the rectum, behind; tbe vAgimi, 
below; und tht small iiitebline rests upon it above- It« iGu^jlh 
U roughly ortUimilod W bo alwut thixo inches; its gi-eateit 
width, one aiul oini-lmlf inches; and iU tliit^kHess, one inch- 
At the end of pm^^niLiiL^y it nttJiins the length cf a foot or more, 
aiid measures iilxkUt eipht to t*?n inches ti'ansvei'sely- 

The uterUH ih diviilfd for purjiosea of deseriplioii into thrj^p 




p 



'J^irt* 



FlQ. 13C. — r^acnuN u* FsMALEtaLVn^ diiuwi^u Rki^tjvb I'dsnioN uF Vipckka. 

[»iirt«, the FiiirJiiN hody, aiid iiei'k. The fundus Is ihu rnuiided 
portion projecting above a line dutwii trua>virtj<ely through thi* 
upper part of the organ. The body i« the portion exl^tiding 
from the rounded sectiijn, ih^' fundus, to the constricU^d sei^lion. 
the net:k. The neck or cervix extends from tbe body of the 
uterus into tbe vagina. 

Owing to the thieknees of its walla, the cavity of the ut«ru3 
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b conip.imlively smiiU. The ciivity ia triangulnr in shape (v). 
aii<l hiis Lhite o[>cnii»gs, one iifc e^ch U[*j>cr iuigle, cfiiiimunioatiug 
VFiXh tbi; Falkiirkui tutn:^, iiiul ouu« tlm o^ iiiturnunu or intorntil 
mouth, opening into iho unvity of the cervix balow. The 
cavity of ihe oervix, wiut;h is, of coiii-se, continuous witli tha 
cavity in the body, la coastricLed iib-we, where it o;ien» into 
the body by means of the o« mternum, and below, where it 
o|wns exienoi'l}' by means of the fwi cvU^rniiin,^ or extei'iial 
uiouth. Retween ihnsa twu 0|jening3, tlie L^avity of the i:ervix 
IS somewhat eidarged. 

Thc Willis of (lui uterus rnnsist loiiijil}- of hiiudles of jiliiin 
miiscuUvr tisfiut, urraii^ed in layurs wliich run circularly, longi- 
tudinally, spimliy, atid i;i"osa and interlace in every dii-ection. 
A part of the external surface \s covered by a poitioii of the 
peritoneum in tho form of a lirojiid ligiiTnuJit, and tUo inner sur- 
face is lined by a mucous riK^nibmnc- This nnicons membrane 
is continuous with thai lininj; tlip v^jjina nnd l''idlo|iian tottea- 
It li) highly vascular, jirovidi-d with nnnierous mucoas glands, 
mni is covered wiih eiliated epitlmliiim. 

The uteruit is abundimily sup|iliiM| with hlood-ve^ek, lyni- 
phnticK, and nerv^es- Tlie blood leiit'lii?^ tlie uiernw hv nieiiiis of 
the nterincT iLrtcrios from the ii]t4.'riial illncs, mid Lhe tivarijiJi 
arteries from ihw aorta. Wliei« the iieek joins the hoily of the 
ut<^ritJA« tbf' arteiK'A from Ixilb ^idcs arc united by a biancli 
vessel, called the eireuniflex aitcjy. If tliis bmni.li is cut ilur- 
lug u stii'j^ical opemtion, or a tear of the neck during parturi- 
tion extends so far n^ to sevtr it* tlie licmoiriuiiri.' u A'ery 
profuse. The arteries an' rcmurkiible for their t-orluous course 
and frequent anastomoses. Tlie veins are of large aizo and cor- 
respoud ill tln/ir ItlLnvionr to thn art^?ries. 

nuring preffnancy "'/ the tisauos of the uterus become much 
enhiiged, uiidcrgjaiig what i^ ealled a phiftu'logii^ai hijp^rtrtip/i^. 
TliB uterus inrn-iLses in weight from two or tlnve ounets to two 
or three [Htunds. After parLurltion, it goes Inti.'k Ui itearly its 
former si/.c- The tissues all go through a gratlnal shrinkage, or 
what is iMllfd a phiifioloifli'al tttrophi/. The enlargi^d innsileB 
eapecinlly undergo fatly degeneration and absorption, called 
" involution," in contradistinction to "evolutiou" or develop- 

' T\k ofl &xl<<niuju is bi>aiitleit by twn fi}Ma ur lipn vi tJie inuctnu Euci-iiibr^nei 
Ihr Bitu^rliir of which \* tijk'k, )inii \ht^ poftUirlnr iiarriiw aii^l Inng. 
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meat. Thia proeoes of involutioa ia not accompliehed under 
six weeks, ivnd jjometiraes requires longer. 

Tlie iitt!]-uft in liot tirmly iitbichtvl or udlierent to any pnrt of 
tlie skoUtoLi. It \Aj ixa it wt>rt% ^u^peuded in the peU^ic <*aviLy, 
and ki'pt in posititm hy \i^.ioieitt&. A full bliidder ^us^tieH it 
luirkwiinl ; a disl^TMled n-i^tiim. forwiLrd. It ^iLer^ lis jioMttimi, 
\ty gfavil.y, wiili clumge uf jii>sLiire. Duiiiig g«sUition it ri»ea 
into tim ivlxlomiiial cjivity. 

The iiEi^rus liftd 6ve [mlrs of llgjitiienL^ attaclied to it, the 
chief of whith are tlie bn^id and i^uund Hgamctilj*. Tlnf broad 
Iig:ameata arc f<ilib of peLltrrnt^um nlutj^r over tliti front and \tiwk 
of the uterua, and txtejiding laUrrally to tht walJa of the pelvia. 
The iintorior fold covei-a the front of tfie utorus lu* far jv* Ihft 
tniddli; of the cervix* wlioii it turr^^ up and in retlceted over] 







Pro. 136. — Tb» Urt»o» AJfO nT ArrKSDVotii. Ajn-»«oR Viair. 

the bick Willi of the bladder. Tho posterior fold covera tfattj 
back of the nteru?i« and e^ctetids far ejicvii^li IkIovv to Alt 
cover the iipjier nne-fifth of the back wall of the vagina* ^ 
it tunia lip and id rclle^^ted over the anrcrior Wiill of llie reetum.,, 
Thufl the uterua, with, and betwcea ita two liruad Ugamentai 
forms Jt triinrtvirrao paiiition in tlio pelvio eavilVi tlie bladder, 
Taginrt, and urethra being in Ihe frrint eomjiHirtment, and tho 
rectum in the buclc compartment. The round li^amenU are two" 
rounded fil^ro-musi-nlar cords, situated belw*?en tht* fabLs of tho 
broiiil lig!inn*iit. TiLey ai-n ahout four and a lialf iuehes long, 
and exin^nd frnni tlie upper angle of the uterus forwards and- 
ouhvai'iis tn ]w Insfrtf'd into the vulva. 

Fallopian tubes. — -The FailopijUj^ tubes or r>viducta ai-e pi 
1 MumeLl afLur FaUoplus, an TialLaji aiWtomLHL 
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Tided for the piiq>ose of conveying tlie ova from the ovaries 
into tha eavity of the uteru*. They ar*? two in number, one on 
each tiiiki* and [ms^ fi'om the upper Aiiglt^ of the uLei'iia in & 
Bomewhrtt tortuovis course between llie folds and along the 
Bpper niiirgin of the broad ligiiment, towards the sidtiB of tha 
pelvia. Each tube b aljout four inches in length. Ita canal is 
exceedingly amid], and begint» at the upper angle of the uterus 
by a minute oi>euing which will hardly admit of a fine briatlc. 
It continues narrow along tlie inner half of the tube, ^mtl then 
gradually widens into u trumpet-shaped extremity, which be- 
comes ecfiilmcted at its terininiition. The innrgin* of the free 
trumpet-ahiiped eictt'emity are frayed out into a number of 
fringe-like pi-oeeftsea, called pnthriof and one of these proeesf^ea, 
longer than the real, is conni3cteil with the outer end of the 
ov;iry- 

The Fallopian tube consists, like the uterus, of three coatii: 
the extt^niiil i»r serous tOLiU derived from the jieriloni^um; the 
middle or miisculat coat, having a laj-er of longitudinal and of 
Girculjvr Bbres ; and tlie iuternal or mucous coat, continuous at 
the inner end with the mncourt lining of the ulerua. and at the 
distal end with the tserous lining of the abdominal cavity. This 
is the only iiiatance in the liody in which a mucoua and serous 
lining are continuous with one another. 

When the ovum \& ready for entrauGe into the F^Lllopinn 
tuije, the timbrife of the free end grasp the ovary, the tiny 
gern-eell \& i^afely condui:tcd into the trumpet-ahajied ex- 
tremity, aud id Dhence carried along by the pemtaUit^ motion 
of the oviduct Into the uti-riiH. Thisi transmission id the cell is 
lilsrt [issisted by ihe ciHaUrd epithilliim liiung the tube, the 
iiioLii>n rtF ihi." (.rilia wafting it onwanls, 

Tho OTariea. — The ovaries are two small almond-shaped 
bodies, situated one on each side of the uterus* l»ctwecn the 
anterior and poatorior fidds of tile brojul ligivmcnt, and below 
the Fallopian tubes. Eiiih ovary is attaehed by its iniior end 
to the uterus by a short iigjtment — the ligament of the ovary; 
and by its outer end to the Fallopian tube by one of the fringe- 
like pnicc*:8es of the fimbriated extremity. The ovaries each 
tnefteufe about one and a half inchea in length, llnee-fourtlia of 
an inch wide, and one-third of an inch thick, and weigh from 
oDe to two drachma. Their function is to produce, develop. 
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and mature tlie ova. and to (iiscliargc tlicm wlii^u fully formod 
from the nvary. 

The ovaries couaiHt nf n frivnK^work <'( ooiiiioctive and inufica- 
lav tisMUf, UBually *;alloil llic rtrama nv bod of !iie tfr^n ; and of 




/,«-H-oii<i nvmn ill mint f^iKid*' ithJN piol>u» hul nir«]y] , ff,onii-f iiiiik-iif tJiu fnlHc^; 

VMiVlh ; y, IniTkliiii-il jiiirikiii cil Iho crrr]i-ii|ii1lir'liiiiu t\1 iIip iiiiHqi*" : t, pllco nf rbA 
iraiullloD rmm periTinttmL tit f^tiriiiLiiitl o]- iiviirliJii e]ililiK]iLiiii. 



nnineroiis vesii^lea or follidts of iliffeitiTJt si/tss, naUed tlie 
Oniaflau follic^lt^s. 

Till' Btroraa i:ontiiinrt many blood- vessel* and lynniljiilns. The 
oLittr porliou la more condensed than the interior, and the wholo 
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is covored by a pcculinj layer of ooIurnEmr e|ntljelium-cella, 

Thu GraAfian foIliclM are cavities dotted about in the atroma 
In lai'ge Mutnbem. Tlie smaller ones Ue near the surFiioe. The 
larger ai^ mure deeply imbedded, imd nnly approacli the sur- 
Trch whi'n tlitfy arn re-ftdy to diHchiii'ge their eoutentft. The 
ffjJliclea liave each their own proper wall or tuiiio. derived from 
tlie loiuiHitive tisiine of the sli-uiri;v and eiu-h is lined hy a Isiyer 
or i^yors of ^nuiLilar t^pithelium-i'ells, iLud contaiiiM an ovum. 
The jTiiintLliir layer of uells* rlnsely liniDg the caviLy of the 
follicle, is termed tLf incTtihrair't ijimtfihj^^i^ hut at one or other 
fii<le it Ls huapud up iiito a lu^tsH of rells which projects into the 
cavity of lln? foUidt and envelops the ovum- Thia maa* af 
cclU wLich immediEitely surrounds the ovam ib called tbc 

As the folliele maturcBi fluid collects in the cavity^ and, 
incre;i*tiiig in auiount, the folliele ^^r.idiinUy het-omea lar^i?r imd 
more Ifii-se. It now approiwhes the surfiw?e aud ht^na Ut fonn 
a protiiljenince like a KmitU hoil ui>ou the oul«ide of the ovitry- 
Fiiiiilly the wall of the oviiry and the wall of the folliolo burst 
at tht; K!ime piiitit, and iUf. lUud {ft'ifiior f*tlffi-iitr) contajiiinfr the 
oviuiii with the hiuj^e, in^-gnhir iini'^s of cells, t,he di^^cus pm- 
li^riiH, c]in|ri]ig to it, is net free. At the moment uf rupture, 
the ovum irt ret-eived hy the Fallopian tube and afterwarda con> 
veyed to the uterus. After the follick' liiis discharged lU eoji- 
tentSt it haa done its work, aud tt pa^Hcs through a acriea of 
changes which arc more or les* peraii+tcnt, but eventually it ia 
obliterated nnd disappears. Thu^ m the very t;ame ovary some 
of the follielen are mature, or approaching maturity ; others are 
undei'^>in^ development; while ottiera are retrograding and 
didapjveanng. 

The ova are formed from the ^rm-epit helium on the t^urface 
of the ovarv. the Ci-lls of whieh lieeome enlarged and dip down 
into the 4Li^>oLLL ill the form of lie lie elongnlfd miiMses. From 
bliese groups of celb^ the (rnmhan foLlteles and the ova are pro- 
dured- The ovum is a highly dcvflojied cell jiUiuL -jj^ lueh 
in diameter. It has (1) a ihlik* rturroimding crvelope or 
membraue, called the vitelline nicmhiane or gona pfHitcidai 
(2) within the memlimne or rt-Il wall is the protophiflm of 
the cvlU Hlkd with fatty and alhiiniinoua grauuli^d* uud uautdly 
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called the vitellus or yolk ; (6) imbedded in the Titellus or yolk 
13 a transparent, sharply outlined nucleus, the germinal vesicle; 
and (4) in the germinal vesicle is a amall dark nucleolus, the 
germi native spot. 

It is impossible for us to trace the growth Euid development 
of a fecundated ovum- The subject ig too complicated for us 
to attempt to describe it in a book of this kind, and we shall, 
therefore, content oui'selves with briefly describing the Hist two 
or three steps. 

Soon after leaving the ovary, the germinal vesicle and ger- 
minal Bpot in a fecundated ovum disappear, and the protoplasm 
begins to divide inside the vitelline membrane into two halves, 
in each of which appears a nucleus. The halves divide into 
quarters, the quarti^r^ into eighths, and so the subdivision con- 
tinues until a great number of minut« cells are produced, which 
soon arrange themselves, close to each other like bricks in a 
wall, upon the inner surface of the vitelline membrane- The 
cells thus in close contact with one another form a membraue, 
called the epibla^st. Ujion this mcmbiane a second one soon 
appears, fornied in the same way and lining its inner surface. 
This is cfilled the hypobhist. Subsequently a third membrane, 
the mesoblast, is developed between the epi- and hypoblast, and 
from theae three membrjiEies M the tissues and complicated 
structures of the body arc evolved. 

Upon the arrival of the ovum in the uterus, it is grafted 
upon the mucous mcmhnine. It usually lodges upon the upper 
surface of the uterus, between two folds of the mucous lining, 
which soon grow up all around it, and, as it were, bury the germ 
in a circular grave. ^ From the thickened mucous membrane 
lying between the ovum and the uterine wall, the placenta is 
ultimately fornied for the nourishment of the embryo. 

The mammary glands. —The mammary gland it* a compound 
gland, fornied of brauihing ducts ending in eecretory recesses. 
The whole organ is divided by connective tissue partitions into 
a number of lobes, each of which possesses its own excretory 
duct opening by a separate orifice upon the surface of the 
nipple, the glainl being in fact not a single gland, but' several 
glands bound together. Just before opening on to the nipple, 
each excretory dm't ia widened into a flask-shaped enlarge- 
ment. 
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The walls of the ducts and of the j^ecreting recesses are 
formed of a basement membrane lined by epithelium-cells- 
During lactation the secreting cells become much enlarged, 
ftud fatty globules are formed within them. The fatty glob- 
ules appear to be set free by the breaking down of the inner 
part of the cell, the protoplasm becoming dissolved also, and 
forming the proteid substances of the milk. At the beginning 
of lactation the cells are imperfectly broken up, so that numerous 
cells containing comparatively large masses of fat (the colostrum 
corjmMcle»y appear in the secretion. 

Human milk has a specific gravity of from 1028 to 1034. nnd 
when quite fresh possesses a slightly alkaline reaction. Its 
average composition in every 100 parts is : — 

Proteids 2 

Fats 2,75 

Sugar 5 

Salts 0.26 

Water 90 

100 
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Abdu'ceiu. [From the Lat- ab^ "from," And duco, to "had/*] A term ap- 
plied to the sixth pair of cranial nerves whkb supply the external recti 
(abductor), tnuactes of the eye, 

Acetab'ulnm. [From the Lat^ aceluait "vinegar."] A name given Co tha 
cavity in the ob innoniinatum, resembling in shape an old-fasbioned 
vinegar vesaet- 

Acro'mlcm. (From the Gr. atron, "Hummit," and dmos, the "shoulder/*] 
The triangular-shaped process at the auminit of the scapula. 

Ad'eoCtid, [From the Gr. ailen, a "gland/* and ettloSj "form" or "resem- 
blance/'] Pertaining to, reaeinUing o gland. 

Ad'ipwt. [From the J^t. <idep>^, "fat/*] Fatty. 

Afferent. [Fi-om the l^at. a-7. *' to," and /#rfl, to " bear," to "carry"] Btar^ 
ing or carrgmg ittwarihj a^ from the pei^ipherv to the centre^ 

Ag'miDated. [From the Lat^ agmertt a '^ multitude," a " group/*] Arranged 
in clusters, grouped. 

Albn'mln- [From the Lat. a/Auy, " white/'] Animal albumin is the chief 
solid ingredient in the tchitf of eggs, 

Albuminu'rla. [A combination of the words "albumin" and "urine."] 
Presence of /ilbtiuiin in Ihe urine. 

Aliment'aiy. [From the J^t- ntimenfuutt " food.**] Pertaining lo aliment or 
food. 

AUiDeilt«'tion- The act of receiving nourishment. 

Alre'olar. [From the l.at. uUeofug. a "little hollow/'] Pertaining to the 
alveoli, the caeifiex for the L-eee[ition of the teeth. 

Atnce'ba- ( From the Gv. nmeibo, to " change r"] A aingle'Celled, proto- 
plasmic or}-anism, which U conslnUitly vfniuging its form by protrusions 
and withdrawals of it» Pubatance. 

Amce'bold. Like an nmaba, 

Amphiaithro'siS' [From the fir. nnxpho, "both/' and arlhron, a "joiut."] 
A mixed articulation ; one which allows slight motion. 

Afubot'k. (From the (ir. antiJmilo, to " thro^v " or'^binld up."] Pertaining 
to anabolism, the process by means of which simpler elements are buUi 
vp into more complex. 

ibwithe'iia. [From the Gr. n, an. "without," and aUihanomai, to "per- 
ceive," to " feeL"J A condition of iiiAensibility, 

H7 
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AfUitObO'aU. [From the Gr. ana, " by," « through," and stoma, a " mouth."] 
CominuDJcatLon of bratichea of vesneb wkb oue anpther- 

Aor'ta. [Gr. aorte from ata, to "raiae up/'J Thu great artery that roes up 
from the left ventricle of the heart- 

ApODeaiO'sifl. [From the Gr apo, **froiii," and nearon, a "nerve."] A 
fibrous merubranoua expansion of a tendon; the nervea and tendons 
were formerly thought to be identical structures, both appearing as 
white cords- 

Aimch'DCttd. [Fi-otn the Gr. arachnc, a *^ spider," a ^^spider'a web," and eidoM, 
" form '* or " resemblance.*'] Resembting a web- 

Aie'oUr- [From the I,at. artola^ a *■ small space," dim. of artaS] A term 
applied to a connective tissue containing AmaU tpace^. 

Ai'tery. [From the Gr, air, "air," and tereo^ to "keep,"] Literally, an 
ftir-keeper (it being formerly believed tbat the arteries contained air-) 
A tube whicb conveys blood from the heart to all parL^ of the body- 

Arthro'dia, [From the Qv. ar/hron^ a "joint."] A movable joint. 

Artic'ular. Pertaining to an aiticulatioii or joint. 

Aaphyi'U, [From the Gr- a, " witliout," and xphyxix^ the ■' pulse/'] Liter- 
ally, without pulse. Condition caused by non-oxygenatioQ of the 
blood. 

Afrophy. [From the Gr- a, *' without/' and troph&t ** nourishment."] Wast- 
ing of a part from lack of nutrition. 

Aud'itory. [From the Lat. audio, aadilumy to "hear."] Pertaining to th« 
sense or organ of hearing^ 

Aar'icle. [From the dim. of T^t- aurtr, the "ear.*'J A tittle ear, a term 
applied to the far-shaped cavities of the heart. 

Auiic'ulo-ventnc'ular. Pertaining to the auride» and ventncUf of the heart, 

Ai'jEos- [From the Gr- a, " without," and zygos, a '^yoke-"] Without a 
fellow- 

Bi'cepa. [Prom the Lat. bu, " twice," and caput, the "head-"] A terra 

applifJ Eu muscles having a double origin or fteo heads. 
Bicus'pid, [I'lom the Lat. bU, "twice," and cuspui, the "point of a apear."] 

Iluvtng tim points. 
BraCb'Ul- [Ftom the ]>at- brachiitin. the " arm."] Belonging to the arm. 
Buc'cal. [Fiom the Lat. bucca, the "cheek-"] Pertaining to the cheek; 

the munth cavity formed chiefly by the chei^ks. 
Bui'sal. [From the Gr. bursa, a " bag."] Pertaining to bursa. membraoouB 

sacs. 

Cffi'cnm. [From the I^t- cacus, " blind."] The blind gut 

Ca'ticest pi. of Ca'lyz. [From the Gr- kal^z, a " cup."] Anatomists have 

given this name to small ctxp-1 ike membranous canals, which surround 

the papillie of the kidney, and open into its pelvis. 
Canalk'olus, pi. Canalic'uli. [Dim. of Lat- canalu, a "ebannel."] A nnaO 

chnmtel or vessel. 
Can'ccllftted. [From the Lat, cancetli, " lattice- work."] A term uwd to 

describe the spongy lattkt-work texture of bone. 
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CutlinB. [Gr. Kanthosj th© ** angle of the eye."] The angle formed by tlia 
junction of the eyelids, the internal being the greater^ the external the 

lesser, canthus. 
Cip'illuy. [From the Lat. capiliuSj "hair."] A minutely fine TfiBael, 

reseiEibLing a hair in siste- 
Ctr'boil. An elementary body, one of tbe principal elenienta of organised 

bodies ' 
CwboD'ic Add, CO^ An acid gaseous product. 
CuOt'ldJl- [INfrhapa from the Gr. karos^ "Atupor," becAune prenHing on ihein 

prodncea stupor,] The great arteries couveyiiig blood to the head. 
C*'«eui' [From the Lat. casexts, "cheese/'] The albuntio of milk; the 

curd separated from milk by the addition of rennet, constituting the 

basis of cheese. 
Cvid'a Bqai'DA- [l^t-] " Tlorae^tall." A term applied to the termination 

of the spinal cord, which gives off a large number of nerves which, when 

unravelled, resemble a horse's rait. 
Cell'ntose. Basis of vegetable t^bre. 
Ccreberiom. [Dim. of Lat, arehrum, the "brain,"] The hinder and lovrer 

part of the brain; the UltU brnin^ 
CeT'ebnun. [Lat. the "brain. ^*] Chief portion of brain. 
Cera'mlliOLU- [From the Lat. cfru}iifn, "ear-wax."] A term applied to the 

glands secreting cerumen, ftir-wax. 
C^a'drin. [Froiu the Gr. ckondros, "cartilage."] A kind of gelatin 

obtained by boiling cartilage. 
Chor'ds TendiD'es. [F^at^] Tendinous cords. 

CWroid. [From the Gr. chorion. **skio," and eiV/w, "form" or "resem- 
blance.'*] A skin-lilcc membrane : the second coat of the eye. 
Chyle. [From the Gr. l-yh^* "Juice.*'] Milky fluid of intestinal digestion. 
Chyme. [From the Gr. i-^mn.i. '^ juice."] Food that has uiiilergone gastric 

but not intestinal digestion. (Both chyle and chyme signify literally 

liquiti <:v juice.) 
Clca'tiiz. [Lat. a "scar/'] The mark or sear left after tbe healing of a 

wourfd. 
Cll'iA. {\mL the " eyeta-^hes."] Hair-like proccAses of certwn celU. 
CU'laiy. Pertaining to the cilia. 
Cll'iated- Provided with cilia. 
Circumval'late. [From the Lat. circHJitcallo, "to surround with a walL"] 

SufToatuleii hjf a wall. 
CUVide. [From the dim. of Lat. claoix, a "key-'*] The collar-bone, so 

named from i(A shape. 
Coc'cyz. [T>at. the "cuckoo."] The lower curved bone of the spine. 

resembling a cttcli^oo'f bill in shape, 
Ooch'lea- [LaL a "snail," a "snail-shell"; hence, anything spiral-] A 

term applied to a cavity of the internal ear. 
Coliac- [From the Gr. kuilvs. "hollow-"] Pertaining to the abdominal 

ctniiy. 
Cft'Ion. [Gr. kodm.^ That portion of tbe large intestine which extends 

from the cecuia to the rectum. 
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Colos'trum. First milk eecreted after- labour- 

Calnm'nft Cu'nefe. [Lat] "Flesh; (xtlunia^*'; muacuUr projecUonfl m tfas 

vr^ntrioka □[ tlie heart. 
Colam'iut. FurjiieJ iu cotumtu : having the form of a column, 
Com'miMure. [From the Lat. eon, ■■ togetiier," Biid mittOt miiaum. to **put."] 

A joining or uniting together. Sainething which joina together. 
Coo'cha, [l^t, a "ahelL"J A tertu applied to the hollow portion of the 

eit^riial ear. 
Con'dyle, [From the Gr. Lonil^ioSy a "knob," or "knuckle/'] An articU' 

Inr eminence. 
ConjaTicti'va. [From the T^t. cnn, "together," and j'un^^o.ju'icrijv^ to" join."] 

A terin a|>pUed to the dtlicate mucous meukbrane which lines both eye- 
lids and covens the external portion of the eyeball. 
Co'Tinni' [E^aL the ''sbin/'] The deep layer of the skin ; the derma. 
Gor'nea- [From the Lat. cornEi, a "horn."] The transparent auterior portioo 

of the eyeball. 
Coro'nal. [From the Lat. corona, a " crown."] Pertaining to the crown, 
Cor'OnaTy. [From the Lat. ciirnna, a "crown."] A term applied to vessela, 

tigamentSt and nerves vhich encircle parts like & crowns as the coronary 

artpries of ihe heart. 
Cor'pua Callo'sum. [Lat.] "Callous body," or substance. A name given to 

the hfint t'lL^lnTue uhitinuf the cerebral hemispheres. 
Cor'puacle. [Fmm the dim. of Lat. corpus, a "body."] A smatt body or 

particle. 
Cor'tei. [Lat. " bark."] External layer of kidney : external layer of brain. 
Cos'tal. [FroTu tlie I^at, c<i:^t<\, a " rib."] Pertaining lo the rihs, 
Cra'nium. [Lat.] The skiilL 
Crassamen'tum. [From the Lat. cr<\9Sitfi "thick."] The thick deposit of 

any fluid, particularly applied to a clot of blood. 
Crent'ted. [Fi-orn the Lat. frenit^ a " notch."] Notched on the edge. 
Crib'riform. [From the I*at. cnVum, a "aieve," and /urwa, "form."] Perfo- 

ralp<l lii-p a niere. 
Crn'ra Cer'ebri. [From the Lat. cms (pL crura)^ a "leg."] Lfffs or pillars 

of the cfirfihruin. 
Cry'pt- [Vvitm the Gr. krypto. to "liide."] A secreting cavity: a follicle 

or glandular cavity. 
On'tlde. [From the dim. of Lat. cutU. the "akin."] A term applied to the 

uppf^r or epidermal layer of the aim, 
Cn'tift Ve'ra. [Lat,] The true skin; that underneath the epidermal layer, 
Cys'tic. [From the Gr. ly^tis, the '* bladder."] Pertaming to a cytu — ^ 

bloil'Ur or sac 

Decassa'tien. [From the Lat. */wi«*rt> rfecrttsa/um, to "cross."] The ctqu- 

ing or lunulng of one portion athwart another. 
DeVtOid. llauing a triangular shape; re.-iembling the Greek letter A {deha\ 
Dex'trin. A soluble substance obtained from starch. 
DUbC'tea Mel'litas. [From the Gr. din, "through." hain6. "to go," and 

tnelu " honey."] Excessive flow of sugar-con tailing urine. 
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Dial'ysia. [Prr>rn Cliu Gr. rimtyd, Lo ''dissolve."] SdpAration of liquids by 

iii''<ELbrritit^. 
Dupedc'sla. [Kruiii lh« Gr. dvi, " thiougL," iktid pEJa&. to " leap." U) " go/"] 

Ptitniiiif of tbe Lloui-corpuacltts thrirw/fi veasvl welIU witKouf rupture: 

Hniraui]^ uf l)]i>od' 
Di'apfafagm, [From the (ir. itia/'hrarmo^ to *' tli^-ide in Mie middle by a [niTti- 

iiuii.'J Ttif jiaiti/iim miiiclo diti-iiiitf tbe cavilj of Llio dmet from tlial 

(>i tljt' jLbiloiiicn. 
QiAftbro ail. [Kruiii the (ir. (^i"a, '* tiiroiigh/* ru implying no iniptdimeiit, 

and Jir/Ar4fi. a'^jolnL"] A Craely mcivable artic illation. 
DUi'lolc. [Fruni llm <ii". ifi'i.ifeilif. to "ddutc."] Tlie r/p'/n/ion of Ihp hrart. 
Dip'lo^. [From the Gr, itijiloO. Id " doubla." Lo " fol^. "J TJi« o^'^t^oikii tis^iiie 

U-iWkfL-Li iht" r^kMcs of the skiill. 
Discus Prolljeroiu, or jenn disk. A term applied to a ipils« of cell cling- 
ing III lilt uvuin when it ia B9t fri*e from ttie o^'arr, 
Dia'UL [Flunk IUk LuU ffUf ''apiiit," and nla, lo '->itii[id,'*] Awjiy from ttlfl 

Dor'aal. [Fruin the T.at fhrmrn, tli? ^' back."] Perlalning to tbe £acjt or 

iMfflT^rior pni'l ot [Ln or^nu. 
Due tud Ait^iio'dua. [Liit,] Art^iiat duct. 
Ductus Veoo lus. [[jit,] \>iiou4 duct, 
Duodc'nuiD. [From X[k I^jlI. '/uWrrn', '^ LiiVElvt? iz-acli."] Firnt part of f^mftU 

itilt:«fiijes, 4o calk'd bvcaiis? about fi-'fli-e ling^r^i' breLtdtb in LunRtb^ 
Du'ifl M4'tef. [Likt.] Thr ^' bard incitbtfr/' called itura berauBe of Jts great 

nf»i-ljiHCe, and mafir bi^miflp it was formTly liplievfld to pive riav lo 

evPTV iiiend*riiiiu of the l^ody. The outer mcnibrane of ibe brain and 

spin Ell <-ord- 
DyapD<E'A> [From the Gr. ti^ "djfliaalt," and pfttd, to "breatiie."} Diffi- 

call hremhitit}. 



Bf Icreat. [Finm tlic Lni, ^//crw. \t* " carry nut/'] Btaring or carryinji hw^ 

inir//t, ru from the <?PUtH' Lo th*? periphery. 
Elimuu'lion. [From the Lai' e, "out of." tkitA. Hmen^tiiniHU, n " Ihreahold.*^ 
The )LLt nf f^pfilliug wai^te matteiK. Klimiiiata Mgiiifiw, literally, lo 

thriiw oiiL of d<>0L-3. 
Km'bryo. The •tvwwi aput fi'oihict of (M>nceptioT] up to the fourth month, 

when it beconirfl buowu iv the fu?lTi^. 
EnartliTO'ila. [Frofn the Or fn^ " in," and orfArwu. a " jolni.*"] An arlien- 

Inlion in i*liii'b the head of one hone is rccuivfld into tlio uaTUy of 

anftlhi>r, iml enn W mnved (n »ll dirpclion^ 
Endocar'diam. [Vyz<yn the Hr. t,"t->a. "*itbii»," and kardia, the ■» heart,"] 

Tlip' tiniiifi m^n'^hrfine r>f 'h" liPirt, 
En'dolymph. [Fmm the Gr- '^^-hm, " within." nud Ltd- tympha, "WBler."] 

The ihiid in ihu nK-rnhrannm labyrinth of Lhe pur. 
Ba'fiform. [From the Lat enrtB, a"«word/" nud /onrm, **fonn>"] Shaped 

til' a rwint. 
Bpiblaat- [From tb* Gr. <i^i. <*upnn," and Mtttt/tt. n "(^eHn/' or "aprout,"] 

Tlie p*t»mal or Upper layer of the ^jr^miml rnoinbrwic 
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Bpidfli'iiiiB. [From theGr- ept, "upon/' and derma, the "BkiD-"3 ^^^ outer 
layer of the gkin. 

Eplfflot'tia. [From the Gr. tpi, "upon." and ^ttffu, the - glottia." J The t%T- 
tilage at the root of the tongue which forms a lid or cover for the aper' 
ture of the laryni. 

Epithe'lU]. [Krom the Gr. epU "upon," and Thllf, the "nipple/^] PerUiii- 
iiig to the epithelium, the cuticle covering the nipptf, or any mucoua 
membrane. The t«rni epithelium \s now applied to the tissue conjposed 
of cellfl covering or lining all sorfacea of the body. 

Eth'moid. [From the Cir ethnv>$, a "sieve," and eidof, "form," "resem- 
blance."] Sieve-lite, A bone of the craoiuni> part of which is pierced 
by a number of hole^t- 

Eaata'chian Tube. A tube extending from behind the soft palate (o the 
drum of the ear, first described by Eiistachivi. 

FaUo'piAn. A term applied to tubes and ligaments first pointed out by the 
anatomist Fnllopias. 

Fas'cUj p3. Fas'ciae^ [LaL] A bandage, — that which binda ; a membrauons 
fibrous covering' 

Fra'aa. [Lat., pL of /rfu-r,^U4Tj>, the "throat/'J The cavity at the back of 
the mouth from which the larynx and pharynx proceed. 

Fem'oral. rertaitiing to the^mur- 

Fe'mur. [Lat.] The thigh, 

Penes'tTa. [l,at.] A window. 

FibriVIa, pi. Fibrin^. [Dim. of T-at. /Ara, a "fibre"] KlUlUfhre. 

Fibrin'ogeu. A proteid in blood plasma, main constituent of fibrin. 

Fib'ula. [Lat. a " clasp."] The long splinter boiie of the leg. 

Fil'ifonn, [From the Lat.jfium, a "threail," and forma, "form."] Thread- 
like. 

Fim'brlX- [Lat. "threads," a "fringe."] A border or /nVijff. 

Fim'briated. Fringed. 

Fll'aion. [From the Lat. Jindo,Jissitm, to "cleave."] A deauing or break- 
ing up into two partB. 

F<b1u8. The child in utero from the fifth mouth of pregnancy till birth. 

Follicle. [From the dim. of Lat. ^f i^, a "bag."] A littU bag; a small 
gland. 

Fontaoelle'- [Fr.] A little fountain- A term applied to the membranous 
t<paceF< between the cranial bones in the new-bom infant, in which the 
pulsation of the blood in the cranial arteries was imagined to rise and 
fall like the water in a fountain. 

Fora'meD, pi. Foram'iiia. [Lat.] An opening, hole, or aperture. 

Foramen Hag'uom. [Lat.] A large opening. 

Fora'men Ova'le. [Lat.] An oval opening. 

Fos'sa, pi. Fos'aft- [From the Lat- foilio, foanujn, to "dig."] A depression 
or sinus; literally, a ditch. 

Fo'vea Centia'lis- [Lat.] Central depression. 

Fun'doB. [f,at.] The baae or bottom of any organ which has an external 
opening. 
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rnn'fifDrnL [From the ImI. fungus, a " muBhToom" lutd fonna, **form>''] 

Having the thop^ of a mashroojn. 
ruAkrolua. [Dim, of Lat. /ana, a '*rope/'] A littk cord, or bundle of 

aggreg^ied fibrea- 
ra'aifann. [From the Lat. /uvufff_a ''apiodle," and /t^rrno, "form,"] Sfn'rf 

dlc-tkaped. 

GftOClla, pi. of Qanslioii. [From the Gr. gaggtioa, a "knot."] A Jtq0^iike 

arrai]g;ein«nt of nervotut inatter in the course of a nerve. 
Gm'IiIc, [From the Gr. ffaster, tho ^'atoiiiHclu'^] Pertaining to the stomach, 
GubOCne'iiiJu. [From the Gr. gastir, the **bellj»" and knem€, tfje "leg/*] 

The Mfy^haped miwcle of tbe leg. 
GeniOfloa'viu. [Krumtlie itr^geneion, the "ehin," and glosaa, the "tongue.^"] 

A muscle couaected nith thet'Afn and tongue- 
l^nflymoa. [Froiu the Gr. giggiymoBt a " hitige,"] A flmg^-joint. 
ffladi'Olni. [Dim. of Lat, gladius, a "aword.'*] The middle piece of tiie 

atfirjjum. 
Glali'r. [From the Lat, c^cirw, "clear"; Fr. claif.'\ Like the tfrnr whito 

part of an egg. 
Gle'nDid. [From the Gr. gt£ne, a ^'cavity/* anil tidos, "form," "resem- 
blance."] A name given to a ehftllow cavity- 
Glomei'iiliU. [Dim. of Lat. glomw. a "clue of thread." or "hall."] A 

botanical term signifying a small, denfle, roundish cluster: a term 

applied to the ftaW-like tuft of vehselM in capsules of the kidneys. 
Gloa'po-pbaiynge'il. [From the Gr. glO^^a, ttie " tongui^," and pharygx^ the 

'^pharynx."] Belonging to the tongue- and phargiix. 
fflof tia. [Gr. the " mouthpiece of a fiute."] '['hti ajteitnre of tlie larynx. 
Glute'f, pi. of Glute'us. [From the Greek gio'doi, tlie " buttocks."] 'I'lie 

TMUScles forming the hutt/tcln, 
Gly^co^en. Literallyr producing ghicosp. Animal starch found in liver, 

which may be changed into glutxise, 
Gnaf ian Fol'licles, or Vea'icles. A terjn applied to the bellow bodies in the 

ovaries, containing the ova. 
Oramnw. Unit of metric xyNtt-in, 15.4^ grainn troy^ 
Qiu'tatory. [From the Lat. gu/to, gwtalum^ to " taste-"] Iklonging to the 

«ense of tasle. 

HBmoslo'bin. [From the Gr. htiim<i. " bh»od," and Lat. 17^1^"*;*, :i " globe," 
or " globule."] A comjilei huh^tance which fornix tim pnnci|>al part of 
the Mooif-ghb'ilef, or red corpuscles of the blood. 

HamonholcUl. [Froni the (Jr. h/iima, "b]ood,"and rftm to ■* flow."] Per- 
taining to ha^morrhoidd, Hmall tumoui^ of the rectum^ which fi'ciinently 
h/fed. 

HaTei'iUn Canal*. CanaU in tbe bone, so called from their discoverer. T>r- 
Clopton I1avei'j4, 

Bepat'ic. [From tlie Gr- hipnr. hefnrof, liie " liver."] I*ertaining to the iivr. 

Hllttm, sometime* written Hi'lus- [L'ttJ A xmall ftssnre, notchf or depres- 
■ion, A term applied U> the concave part of the kidney. 
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BOTnoK^'neoaB. [From the Gt^ homos, "the same," and genos, "kind-"] Ot 

the .*aine ^ind or quality throughout \ uuiform lb nature, ^ — the rererse 

of heterogeneoufl. 
Ha'tneroB. [Lat, tin.' '' ^houliJer/'] The urm-bone vhich concurs in form- 
ing the rfhtmliler, 
Hy'aliDC. [From the Gr. h^alost "glass."] Glofs-Uke, resembling ^laa/ in 

traitKjmreiiCy. 
Hy'droEen. An eleiiieittary go-tteous BuUstance^ which in combination vith 

oxyyeii iiroduces wat*:r, IJ^O. 
Hy'oLd. [From the Gr letter u, and *iV/oj, *' form/* " resemblance."] The 

bone at the root, of thti tongue, shaped like the Greek letter u. 
HypermetTO'pi*. [Ftoni llie Gr, hi/per. " over." " beyond/' pic^row, '* measure/' 

iiiid iips, the ■■ ^"ve."] Far si^hlAilnesH. 
Hypei'ttophy. [From the Ur. fit/pur, " over " and traph^^ " nourish men L"] 

Kxcessive growth ; thirkeiiiiii- or enlargement of any part or organ. 
Hj'poblast. [Froio the Gr, ht/jrn, " under/' and bla-tioSf a ^' r^pivut " or 

" yerin."] The iiitcioijl or under layer of tlie geniiiual membrane. 
BypOChon'drlac. [From the Gr. ftifpo^ "under/' aud chonttros, a *^carti- 

Jjige-"] A tt-rm applied to the region oE abdomen under the cartilages 

of the fnlse rih^. 
HypOfclOa'snl. [From the Gr, hijpo, " under. " and tftOBAa, the " tongue."] A 

name givi.'ii to a uerve wliieh terminates ttiider the tongue^ 

ireuia. [From the Gr. siV-'o, to "twist."] The longest tmating portion of 

the sniaEl hite^^tiue. 
ll'lac. IVrtaiiiiiig to the ileum. 
iriunif pi. H'i*. [From the Gr. eiUn, to " twist,"] The upper part of the 

OH itjuominatum ; the haunch-boue ; perlmps ro called because the creat 

of the hone turns or twisU upmi itself. 
Infundib'uU. [I^at. pi. of in/wutHndum, a " funnel."] FMnnf^Bhaped canals. 
In'guiaal. [From ttie Lat- i'njiteitt mguitxisj the "groin."] Pertaining to 

the ffroin, 
Inos'culate. [From tlie Lat. m. " into/' and oscutum. a " little mouth."] To 

unite, to 0]H?ri into each other. 
laMlivA'tJoa. The process of mining the saliva with the food in the act of 

mastication- 
In'sulate. [From the Lat. insxda, an ■■ island.*'] To isolate or separate from 

f^urroundings. 
Intercel'lulaT. l-ying hflu^n^en celh. 

Inteilob'ular. That which lies hettceen the lobuhfi of any ot^an. 
Inter'stice. [From the Lat. inter, ** between/' and slo or sis/o, to "atand."] 

The npace which ulamh beftceen things; any space or interval between 

pju't.4 or or^aiLii. 
Intersti'tial. Pertaining to or containing interfticeS' 
Intra Lob 'ulflT. That which lies frilkin the lobules of any organ- 
rrifl. [I.at. the "rainbow-"] The coloured membrane suspended behind 

the cornea of the eye. It receives its name from the variety o£ its 

colours. 
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la'chlnm, [From the Gr. iKku&, to *^ support.*^ The law«r portion of the 
OS mnotniuatum ; that upon which the body is supported in a fitting 
pQfltur«. 

jA^'muu. [From th« I^t. j'fjunwi, "fasting,'* "«inpty-"] The part of tho 
nruaU intestine compriaed between the duodenum and ileum, it haa 
been so called because it id aliuoat always found em/Hif after death. 

Ju'^uIat. [From the Lat.jugulum, the '* throat."] Pertaining to tlie throoL 

KAtabol'ic. [From the Gr. iLOfabalto^ to *Hhrow down-"} Pertaining to 
katabolitm, the pi-oces9 by nieuns of which the more complex elements 
are reudered moi'e simple and le^ complex- The opposite of anabolism. 

LBCb'rTiiUd- [Krom the Lat- lac/ir^ina. a ^' tear."'] Belonging to the tears. 
Lac'Ution. [Krom the Lat, iac, tactin, "niilk/^J The period oF ^iv^ittg mift. 
l^c'teal. A term applied to the lymphatic veHsch iii tlie iiite»tiues which 

absorb the miYi-Uke flii]<l, the chyle, from tlie intestines. 
Lac'tic Acid- Au acid obtained from sour jaifk. 
Lacu'iia, pL Lacu'ne. [Lat. a "cavity," an "opetiing."] A little hollow 

apace. 
Lunbdoi'dal- [From the Gt- letter A (^Lamhii<i), and eidas^ *^ foiin," '^ rcsein- 

blauce-"] lieseinbling the (ir. letter A. 
LanuVlSf pi. Lamerix. [LaC] A thin plate or layer. 
Lai^ynx. The upper part of the air passage, between the trachea and tha 

base o£ the ioi^gue- 
Latifl'simns Dor'ai. [Lat. superlative of laUvj *' broad/' " wide/' and ihrsutn, 

the ** back-"] l^he tui/hM muscle of the bacL\ 
Lec'lthui. [From the Gr. lekithos, the "yellow of egg-"] A complex, fatty 

i<ubstaiice found in the brain; in the ffiik of cqifn. 
Lcn'cocyte. [From the Gr- Uak'a, "white," and kyia.*, a "cell."] A term 

used to denote the white or ]iale corpuscles in the hlood and lymph. 
Lig'jtmeDt- [Fix^m Ibe Lat. litjo, lufatam, to "t>ii^{L"] Anything that binitg 

or unites. 
Liit'ea Alba. [Lat-] The ichite lUie formed by the crossing of the apon- 
eurotic fibres in the middle line oC the abdomeu- 
Lin'ea lUo-pectioe'a. [Lat-J A line forming the brim of the pelvis, so 

named from subjacent bone and mubcle. 
Lob'nie. [From the dim. of Lat. hhnf, a " lol»e,"] A sinalf hhe. 
Lum'bar. [From the Lat. lamf/u*^ the '' loin."] Pertaining to Ihe Ifiinti, 
Lymph- [From the Lat, It/mphaj "water,"] A colourleMS fluiil, resembling 

vaier in appearance, 
Lymphat'ic. Pertaining to Jpaph : a ve9.sel or tube containing lymph. 
Lymphoid. [Froui the Lai. I^mpfm. "water/' and Gr. c/Wmt " form/^ " ro- 

eemblance."] Having regemfilatice It? fi/mpft. 

Ibc'Dia Lnte'a. [Lat.] Yellow spot. 

ICa'lar. [From the Lat- mala, the " eheek."] Pertaining to the cJteel:, 

Malle'olas, p|. tfalle'oU- [Dim- of Lat. maflen.*, a "hammer."] A name 

given to the poiuteJ projin^tions formed by the bones of the teg at the 

Ankle-joint. 
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IblpiE'hun Bod'lM, [So called in honour of Mulpighi, a celebrated Italian 
anatomist-] A term applied to small bodies or corpuscles found in tha 
kidney and spleen, 

KaAu'brium. [Lat. a 'Miaft," a **handle/'J Natne given to the upper por- 
tion of the breast bone, 

MaT'gaTiD. One of the three chief constituents of fat. 

Mad'seter. [From the Ur, maasaomai, Co "chew/"] Ooe of the tausclea of 

Mas'toid. [Krom the Gr. mastox. the "breast," and €xdo$, "form," **resein- 

blance."} Sliaped like the hreasL 
Ha'trlx- [Lat.] The womb. Producing or containing aubstauce. 
Maz'illaiy. [From the Lat. mrLfi^fa, a " jaw."] Pertuuiug to the maxilla 

or jaws. 
Hea'tos- [From the Lat. nteo, mtaturti, to **paafl."] A pamage or 

canaL 
Madnl'la Oblooga'ta, [Lat.] The <^ob1ong TDarrow"i that portion of the 

brain which lies within the skull^ upon the baailar process of tl»e occip 

ital bone- 
Meibo'mian- A term applied to the small glands between the conjunctiva 

and tarsal carttla^e^, discovered by Meihomius, 
Hes'eDtery- [From th« Gr. m^stis, *^ nuddle/* and enteront the "intestine."] 

A duplicalure of the peritoneum covering the small intestine, which 

occupies the uiuliKf or centre of abdominal cavity. 
Mes'oblast- [from the Gr, menv^, "middle," and bltefoa, a "germ" or 

"sprout."] The viitMie layer of the germinal membrane. 
HestKO'len, A dupLicnture of the peritoneum covering tiie colon. 
Hetab'olism. [from the Gr. melahiile, ** change."] The changes taking 

place in eel la, whereby they become more complex and contain more 

force, or les.^! complex and contain Less force. The former is constructive 

metabolism, or auabolism ; the latter, destructive metabolism, or katab- 

oliAin- 
Metacar'pus- [From the Gr- metOy "after," and htrpnt. the "wrist/'] The 

part of the hand comprised between the wrist and fingers. 
Metatar'aiis- [From the Gr. iiipta, "after," and laraos, the "instep.'*] That 

part of the foot comprised between the instep and toes. 
Hi'traL llt^semhling a milrf, 
Mo'lar. [From the Lat, m-Jn, a " mill."] A term applied to the teeth which 

bruise or grind the food. 
Holec'ular. Pertaining to molecxdei^ 
Morecule, [From the dim. of l^t. moles^ a " mass."] The smallest quantity 

■nCo which the mass of any substance can physically be divided- A 

nmlecLile mav be chemically separated into two Of more atoms* 
Mo'tor Oc'uU. [Lat.] Mover of the eye. 
Heto'Tial. That which causes movement. 
Bffu'cin. The chief constituent of mucus. 
Mu'coua. A term applied to those tissues that secrete mucu*. 
UyocaT'diam. [From the Gr. jntis^ mtfOR.^" muscle," aud itarLfia, the "heart"] 

The Jiiascuiar structure of tlie heart. 
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Wjtf^/i^ [From the Gr, mxfi^ to " contract," and tips, ti^e "eye-"] Near* 

Aighteduees. 
■r'oaiii. Chief prot«id Bnbat&uce of muacle. 

V^'rlif pL Ha'rM, [l^t.] A noatriL 

HcnrilMU'itU' [From the Gi'- neuron^ & *' nerve," and lemTaOi a ''coat" or 

** coveting."] Nerve-aheath . 
Ni'trosftD. A co]our]«ftB gaa foriring nearly four-fifths of the atrnoKphere: 

the diluent of the oiygen iu tha air. Literally, that which generaieA 

Hnda'olnj, pi. Ifuclft'oli. [Dim. of Lat. nuc/eut, a "beroel.'*] A smaller 

oucleuB within the nucleus. 
Hd'g1«iu, pi lln'dei- [Lat- a ''kernel-"] A miDute venicle embedded to 

the cell protoplasm, 

Occlpi'tal. [Prom the Lat. occiput, occipifia, the "back of the bead."] Per- 
taining to the occiput, the back part a/the head. 
Odon'toid- [From the Gr. odont, odonlaSf a "tootb," aud fidoa, "torm," 

** rcBeinhlance-"] Tooth-like. 
Sde'ma- [From the Gr. oideO, to "swell."] A steering from effusion of 

serous fluid into the areolar tissue. 
<Bsoph'agiu. [Gr. otnophagoa, froni oju, (fut.) oisv, to *'carryf" and phagemOf 

" food-"] The guUet- 
Olec'ranOD- [From the Gr- dieni, the "elbow," and IraJton, the "head."] 

The head of the elboa. 
Olela- [From the Lat. olfum, " oih"] One of the three chief constituents 

of fat. Oil {pleum) signifies liler.Tlly, juice of the olive (Lat. oleo). 
OUac'tory. [From the I^L olfaciOi aifactttm^ to " snielL"] belonging to the 

sense of mntU. 
Omm'tiun. [Lat- "entrails-"] A dnplicature of the peritoneum with more 

or leas fat interponed. 
Ophtbal'mic [From the (!r. ophthnlmost, the "eye."] Belonging to the fyf> 
Op'tic, [From the Gr- npSH^ to " see.'"] That which relates to ^i/jht. 
O'n Sena'ta. [Lat.] Serrated border. 
Orblcnla'rlj. [From dim. of Lat. orbit, an " orb " or " circle."] Name of the 

circular muscles. 
Or'bital. [From the I^t. ortJw, a "track," "rut of awheel."] Pertaining 

to the orhit, the bony cavity in which the eyeball is su&pendeJ- 
Oi, pi- Cra. [Lat.] A mouth. 
Oe, pL- Osaa- [Lat.] A hone. 
Oamo'sla. [From the iW.osmw. " impulsion."] Diffusion of liquids through 

membranes. 
{tfu Inaomina'ta, pi. of Ob Icnomina'tum. [Lat.] "Unnamed liones." 

The irregular bonea of the pelvis, unnamtd on account of Uieir Dou-re- 

semblance to any known ohjeoL 
Oi't*0bU>ta- [From the Gr. onteoni a "bone," and hitMofi, a "germ" or 

"sprout."] The gfrminal cells deposited in the development of botu. 
VjvOf ph {Vra. [I«at, an " egg-"] Tlie human gerni ccU- 
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OiidA'tioD' The action of oxiJJzmg a bodj; that is, coinbiuing it with oxj- 

gen^ the result of which combination IB an oiiJe. 
Oz'ygea. A tikstekiw, odourless^ colourless ^os, forming part of the Air, 

water, etc., and supporting life and combustion, 

PaI'mitin. A Holid, cry stall izable substance of fat, found in the nervous tissue. 

Parpebra, pL Pal'pebra. [l-at.] The eyelid. 

Pan'cteaa. A coinpmnd secri^tiii}; gland; one of the accessory organs of 

nutriliou- Tlie i^neetbi'ead of aiiiiuals. 
PapiVlae. [Lat. jil. of ptipitia. a ■* nipple," a " pimple/'] Minute eminences 

on varitjus surfiiccfl of the body. 
Paraelob'ulin, A pruteid aubstitiLce of the blood plasma. 
Pari'etal. [From the l-at. pfiriea, panetit, a ** wall,"] Feitaining to a waii 
Parot'id. [Frtnn tin: (jr. fiffj^ •■ near" and ous, Oios^ tbe "ear/*J The large 

salivarv ^h^nd uu^er the ear. 
Parturi'tioD. [Kroui the Lat. jiariurio, parrari/umt to " bring forth."] The 

act of f'tiiifiinff forfft, of giving biitU to young. 
Par Va'gum, [[.at.] The "wandering pair." A term sometimes applied 

to the pneuuiOj^a-'itric nerves. 
Patel'U. [Lat, "a little dijih-"] A small, boirl-nh&^d bone; the knee-pan. 
Pec'toial- [ From tiie Lat. pectus, pectoris, tbe " breast."} Pertaiukng to the 

breasl or chest. 
Ped'kle. [Krom tlie dim, of Lat. jw.<, p/^tUfi, a **foot."] A stalk. 
Pel'Tic. [From the Lat. pehh. a " basin,"] Pertaining to the peloid, the 

Irufiin or bonv cavitv foniLin^ tbe lower part of the ibdonien. 
Pep'sin. [Fro]|i the fir. p'p't', to "dige.st."] A ferment prijiciple in gastric 

j.uice, liaving ] jo wit to convert prott^ids into i>eptones. 
Pep'tone. [From the Gt- pfpfd. to "digest."] A t*nn applied to proleid 

material diifentt/t hy tiie action of the digestive juices. 
Peiicat'dinm. [From tiie (ir. /teri^ "about,*' "aiound." and kardia, the 

** heart/'] The serous membrane cover'mq tht hi'art- 
PericliOD'drium. [From the Gr. />m, ** about," "around," and cAonrfros, a 

" cai Lilai-''."] The seroLjs membrane coi-Tinti Ihe cartilngts. 
Per'ilymph. [From the Gr, /-^n, "about," ** around." and tbe haX,. lympha^ 

*^ water."] They/urf/ in tlie osseous, and suvrounding the membranous, 

Libyiintb iif the ear. 
Perioa'tenm. [From the Gr, purL "about," " around," and osteon, a '* bone."] 

'I'he membrane cnveritiq the bi'tnn, 
Periph'eral. [From the CJr. j^ri, " about," *' around," and pher^, to " bear.*"] 

Pertaining to the p€r!plier}/ or circuw/erenCf ; that irliich is away from 

tlip centre and towards the circumference. 
Peristarais. [From the (Jr. periMtUo. to "surround," to ** compress."] 

Feristallic action. A term applied to the peculiar movement of the 

intestines, like that of a worm in its progress, by which they gradually 

propel their contents. 
Peritone'uni. [From the Gr. pfrirfinfi^ to "stretch around," to "stretch all 

over."] The serous membrane lining tlie walls and coTering the cou- 

teuta of the abdomen* 
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Peroae'Al^ [Fmiu tlie Gt- prrani, tha " fibula." J Ppftaining; to Ihe/Au/a; 

ii. lenn applied to niuftflea or Yessel^ in rtlatioiA tu t\i<i _fifir*ln. 
Pfi'tiaat- [From iha Gr.jifira, & ■* rock."] Haring thf hardneas of nw^fc 
Pey'er'A GUnds^ Tlje i^luntered glaiidL^ ui the iute^l^es, so naiued after Ibe 

aitiUiiiiiBf^ Pff^ffTf wlio well dr^^cribeil Eliem. 
PbalftQ'eca. [I^t- pi, of fihttlfiax, a "olosct)'-^ei'ned arraiy of aoldiorN*'^ A 

njiinp ^iven t^ Lht^ KiiiaLl honsa forming tlj^ JingerB an^ toe8. becauu 

pliiced alt»rji;ni<le ono auoLhi^r lite a /i4tf/anj. 
P!UT ynl- [From lIi« iip'- /i/itu-<tO. [o ^"iiloiiyli." to '* clrave."] The i^lt^ or 

ciWiiy Eoriiiiii|f Ihf Li[>ptir ]i4rL oT LUi> giilluL 
PhiEn k, [Feoiii lJh? Ur- yhrcn. tbe "dJa^hragLU.*'] i^rtuiiiiiig Ut Lhe diit- 

Pi'a Miter. [L*l. /^ifl (fetiiO* "tender." '^delicat*," aiiil wm'pr, "iiiolher"] 
lli^ iiioftt Jntsi'nal of the IhTee menibrnnps of the brain. See Hiir* 
Mator, 

Plj'm&ai. [Friim lhe LiLL pttfmriilum. "paitiU" "colour."] C'lfouriutj matifT. 

Pio'aa. [ Lat, a "feiitlxir " or "ivinj^,"] EnUrnal t^ajliloginoiu flap of tlja 

PUcen'tft. [Lat, it " thiti* Hit t-nkc/'] A Jtat^ circular, vaaouLar tuhtloiiee 

wliich UiTim the urgau uf uuLriLion for the fiEtiiN in uLera. 
Pla&'tar, [Fruni thfl Lat. ptautit. the " sole of the foot"] Porlaming to the 

sotf 0/ lhe fool- 
Plu'ma- [Frcnii the (!r. pla^s^. "lo form, "J A lenacioim /t^iWi'c fluid, form - 

iu^ till.' CO A|>u]. kl.il j]^ |iuitmii of tlitf: MuoJ: that iu wUicli i\ic h\\MM\-w^ 

pu>^L<]t5 fluitt; the Ik^urit Aniigiiinit- 
Plcu'ra^ [fir* tli-- "skle."] A F^croiia tiirmliraiie iJiviiled into Ivrv porliuiio, 

Ihiing X\it> right an J left rairt lie* of ihi^ phf^sr, nud rHfli»cl«i ovpreaoh linig- 
Ptei'as. [Frnm rlii? \AX.phctv, plt^x'tra. to ^ knit "' or " weavf /'] A itrrvori 

nf iiP.rvM or vt^ihH. 
PiKumi>E»'tric. fl-Vorii t>ii- fir. pnfwai^n. 4 ^^lun^/' and ifinttr, llie '*atuiit- 

:b*lir"J IVrriiiiiin};^ tn the funi/s Aud ffi'miifk. 
Polyhedral. [From lie Gr, poiya, ■'Kiaiiy/' Mid i«/ra. a " base,"' a "side."] 

Pons VarO'liL [l-at.] ■' Kndj;e of VnroliuB."* Tlie wliite filirv-i which fonn 

ih briiii^t- cuiiitectiii^ the diffon^Jit piirtd of tlie liraitu fli^'L dT-HTibfid liy 

riirf>/Eutf. 

ite'al. [From the Ijkt, jMifil'i. jmylUii'tiXx^ "hnni»" tlir "b^ck part uf Uie 

kitiv/'3 Thf- F^pooc byhMuf th'' ktifi-jiiiut \s fMill>?d Nhe piifitttvai npue. 
PriBinat'iC, K^Ai'ii tilling u />njiif<, which, in <pplh:A, \b 4 anlid, flliuu, triongU- 

|pir-*li]iEteii body. 
Proiu'tioa. [From Lhi^ LrtL /ToniM. " inclined finvards/T The turning df 

ibi- liJLiid wiih thf^ piltii dowiiwardj^, 
Ehroru'tor. Tfi'« ifroup of mu«e]«» vhicli Ilii'm lh« hand patiD downwards. 
Pio't'^tda, A L'''(i''iid ^*'\-\ti for Ibv jiLliaitiiiJoJd I'oiiKtJLupiitH of Uit* bmly. 
Pro toplaim. [Kriini thi> Kr. priAof, *■ tin-t," iind jiT'im), to •* lurm"'] A /Mt 

f'fiiiH'l urkimiifii^d MjbMjLiic^; priiiiitive or^^iiiit cell piintter. 
Pieudoslom Jta, [From Ih-* iit^ pifjiditj "ia}tti" and ttomtit rtpmalm, ft 
iuuuth."J KoImi openings- 
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Ptei:'3rtoid- [From ihe Gr, ptenmy & "wing/* and eidtu, ^'fonn/* ''resem- 

bJ&Dce/'J Wing-like- 
PtT'ilin. [From the Gr- ptytdon, "saliva-"] A ferment principle in aatiea, 

baviNg power to convert starch into suf^ar. 
Pa'bcs, ^eii. Pn'bis. [Lat-] The external part of (he ^nerattve region; 

(he portigii of the oa inuominatuin foraiing the Eront of the pelvis. 
Pnl'monaiy. [Frgrn ths Lat. puimo, pL ptdmonet^ tlie ^Mungs.'*] Relating 

to the lv,n$t- 
PjlDE'k. Pert^ning to the pjfiorvt. 
Pytor'nA. [From the Gr> pyli. a "gate" or *^ entrance/' and ouros, b 

^ guard/'J The Lower oriiice of the stomach, furnished with a circular 

valve which closes dunng ntomach digestion. 
Pyntih. [From the Gr. pt/resso, (fut,) pyrexo^ to " have a fever/'] EleT»- 

tioo of temperature; fever. 

Qud'iicepft- [From the Lat. ^ua^uor, "four," and caput, the "head/'] A 
term applied to the extensor muscle of the leg, having four headt or 
part^, 

Ra'ditli. [Lat-a"rod/* tho'^flpoke of awheel/*] The outer bone of the 

fore-arnif so called from its shape. 
KAle. [From the Fr. rdier, to " rattle in the throat/'] A rattling, bubbling 

sound attending the circulation of air in the lungs. Different from the 

murntur produced in health- 
Boc'tas. [J, at.] Straight 

fte'nal- [Front the Lat. ren, r^nu^ the "kidne;/'] Pertaining to the kidney. 
RetiG'uUr. [From the Lat. relicttlttm, a "small net."] Besembling a smaU 

ntt. 
Ket'iform. [From the Lat- rffe^ a " net," and forma, " form."] Having the 

form or structure of a tut. 
Ret'ina- [From the T^T. rtte^ a "net/'] Tho most iuternal membrane of 

the eye ; the expansion of the optic nerve, 
Ri'ma Glot'tidis. [Lat, rima, a "chink" or "cleft."] The opening of the 

giottii. 
Kn'gx. [Lat- pi. of ruga, a "wrinkle-"] A term applied to the folds or 

tDrinUes in the mucous membrane, especially of the stomach and vagina. 

Sa'cium. [Lat. neut. of sacer, ** sacred-"] The large triangular bone above 
the coccyx, so named because it was supposed to protect the organs con- 
tained in the pelvis, which were offered in sacrihce and coubidered 
tacred. 

Sag'ittal- [From the Lat. sagitta, an " arrow-"] Arrow-shaped. 

Sal'iraiy. Pertaining to the naliva, the fluid secreted by the glands of the 
mouth. 

Saphe'noua. [From the Gr. aaphia, " manifest."] A name given to the two 
targe supei-flcial veins of the lower limbs. 

S^poni^ca'tton. [From the Lat, tapo^ aaponw, "soap," and faeio, to 
^make-"] Conversion into soap- 
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SARolem'ma. [From the Gr. larx, tartot, " flMh," and Umma, A "coTe^ 

ing/'] The covering of the iudmdual muscle fibrila. 
Sit'cous. [From the iir-xarz, Mrtot, ''fleah.'*] FUskjft belonging ioJUtk. 
SArto'riDA. [From the Lit. «artw, » "tailor."] The name pf ths muscle 

uaed in croAsing the legs, u a tailor does wheu he uU and sewa- 
Scap'iila. [Lat.J The shoulder-bl&de. 

Sclerot'ic. [Lat. nrirrofi^ut, from Gr, $ki%rod, to " harden."] ffon/, toagh. 
Seba'ctooa. A term applivd to glands secreting ttbam. 
Se'bum or Se'Tum, [Lat, ucum, ^^auet."] A fatty secretion resembling 

sutl, which lubricates the surface of the skin. 
Scnxilnnar. [From tlie Lat. stmii, » half," and luna, the ** mooa/r) Having 

the Bliape of a hal/-moon. 
Se'roiu. Having the nature of s^rum, 
SCnun. [LaL] The watery fluid separated from the blood after coagulft- 

Uon. 
Sea'amoid. [From the Or. aexajrvm, a "seed of the seaamum,'* and ttdeUf 

"form," " renemblance/'] SeneTrthling a grain of gfs/imurn. A term 

applied to the small bones situate in the Hubiitance of tendona, near 

certain joints. 
Sig'mold- [From the Hr, letter %jriffma, and eidm. "form," "resemblance."] 

Curved likf the Uiltr S. 
Sole'us. [Fioin the Lat. soiea, a "sandaL"] A name given to a muscle 

shaped like the loie of a nhoe. 
Specific Qrav'ity, The comparative density or gravity of one body con- 

aiilered in relation to another awiumed an the staTidard. In measuring 

the specific fifravity of liquidii or solids* water is usually taken as the 

standard of comparison, being reckoned oa a unit. 
Sphe'ooid. [From the Gr. $phin.» *' wedge," and flrfcu, "form," "resem- 
blance."] tlie a icedge. 
Spblnc'teT- [From the Gr. itphig/jO, to " bind tight," to " close."] A circO" 

tar niu»K;]e which contractA the aperture to which it is attached, 
Sqna'moas. [From the I#at. stfuitma, a "scalp."] -SVn/ir-like. 
Sta'sb. [From the Gr. ttuO. to "stop-"] f^ta^nation of the blood current; 
Ste'arin. One of the three chief constituents of fat^ 
Stei'num. [Lat.] The breast-bone. 

Stim'alua, pi. Stim'ull. [Lat. a "goad."] Anythiujf that ei cites to action. 
StO'roa, pi. Stom'ata. [From the Gr. ttojoa^ stojnatoa, a ''mouth."] A 

moufh: a small opening. 
Strat'lfled. [From the Lat. utratum. a "layer," and faciOf to "make,"] 

Foimed or composed of s/raia or layera. 
Strl'ated. [From the Ijit- xtriot nfrtttram, to " make furrows."] That which 

ha>< KtritF^ furrows or liiieri. 
fitro'ma. [From the Gr. striimn, a "Ited."] The foundation or brd tissue of 

an organ. 
StylOglos'ana. [From th^ fir. iHtflf>». a "pillar," and gJi^nsa, the longue.'T 

A iiin^cl^ coTtoi^t^d with apninfA/ nfyU-Ulix pr^cas of the temporal lione 

and the tonr/ur. 
8QbCla>ian. E'lidcT the clavicle. 
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SnbcnU'neoiu^ [From the Lat. jitiA, " under," and cuiUj the "akin/'] Under 

the akin. 
Sudoriferoiu- [From the Lat. (tw/or, "sweat," and /era, to "carry," to 

'^bear."] A term applied to the glands secreting sweat. 
SnpiiUt'tioa. [From the Lat- ttupino, fupinatum, (o "hend backwards,'' to 

^' place oil the back-"] The turning of the liaiid with (be pabn up- 
ward, the posterior surface of the hand being supine. 
Sn'piiuton. The muscles which turn the hand with the palm upward, 
Saprare'iuL [From the Lat. taper, ** over,'' and rvn, tviitf , the ^^kidney."] 

Above the tiiine/f, 
Su'tuie- [From the Lat. »uo, nuTum^ to "sew together."] That which is 

newn lagether. a aeam ; the iseaiii uniting boues uf the f»kull. 
Sym'physij. [From the Gr. si/n, "together/' and pkyOy to "produce," to 

''grow-"] A union o£ bone^, usually of symmetrical bones in the 

median line, a» the pubic bones and bonen of the jaw. 
Syn*rthro'aia. [From the fir, si/ii. *' to^^ther," and arlhron, a ** joint."] A 

fovin of aiiiculatioti tn which the iKmea are immovably joined together, 
STOcbondro'sis. [From the <ir. ,'^ri. *' together," and chondras, " cartilage."] 

Union by an intervening growth of cartilage, 
Sfodesmo'sis. [From the Gr. i^^n, 'together/' and denmm, a "ligament.'^ 

Union by iigameiitfi. 
Syno'via. [SupixweJ to \>e fi-oru the fir. xi/a. '* together," implying union 

or close resL^mbUnce^ and Oim. an "egg."] A Suid resembling the 

white of an eg;/- 
SyDO'vial- Pertaining to ^ynoiiia. 
Sra'tcuLD- [From the fir. nf/iiiei'u\ to "stretch," to "draw," referring to 

the peculiar projwrfv of miuvcular fibre,] A name given by Lehmann to 

a substance obtained from miucnlar iibre by the action of dilute 

muriatic acid. 
Sya'tole. [From the (ir. sifs/ellO, to "draw together," to "contract."] The 

con(mcrion of the heart, 

Tai'sus. [From the (Ir. tarnnSy the *' instep."] The instep: the cartilage of 
tlie eyclid- 

ToD'dO Acbil'lis. [J,atJ " Tendon of Achilles." The itndon attached to the 
heel, so named because Acttiflfn in supposed to have been held by the 
iieel when his mother dipped hirn in the river Styx to render him in- 
vulnerable - 

Thorac'iC, [From the Gr. ffiiirax, a " breast-plale," the "breast-"] Pertain- 
ing to the rhnrax. 

Thy'rold. [From the fir. Ihifrettx, an "oblon;* shield," and eiiios, ''form," 
" reseinblance-"] Rr-^einhlintf a nhield. A name given to an opening In 
the ossa innominata: to the piece of cartil^fo formiug the antcrur 
prominence of the Uryujc -. to the gland placed in front of the larynx, 

Tib'ia. [Lat- a"'flnte" or "pii>e-"] The shin-bone, called tibia^trtxa it« 
fancied resi'mblance to a ree-l-pipe. 

Tib^'lis Aati'cus. [Lat.J The muscle aituate at tlie tiofmor part of the 
i'^ia. 
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■ 
TibUlb Posti'ciia- [Lat.] The tdubcI« sitaate at the poataior part of the 

tibia. 
Tone. [Gr. tonatt from UinS, to "stretch."] The state of leruian qt firmnesA 

proper to each organic tusue- 
Tnbec'nlft. [Ijit. pi. of frabecaiOt a "little beam."] A term applied to 

pi-olongatioDA of librou» meiabranefl which form septa, or partitions, 
Tra'cbea. [LaL] The windpipe^ 
TranBTCTsa'lis. [I^t. from /rarUt " across," and verlo, vcrKum, to ■* tarn»" to 

" direct."] A term applied to a niuiwle which runs io a trangceme direc- 
tion. 
Tnpc'iiiu^ A name given to the two upper superficial muscles of the back, 

because together they rewmble a trapezium, or diamoud-shaped quad- 
rangle. 
Tri'cepa. [From the Lat. ^rar, "three," anrt capuf, the "head."] A term 

applied to a muscle having a triple origin, or three headf. 
Tri'cQspid. [From the Lat, tref, " three," and cwpis^ cwpidia, a "point'*] 

Ilavinii; three pninft. 
Trocban'ter. [Kroin the Cr. frochnO, to "turn," to "reFoke."] Name given 

to two projections on the upper extrenuties of the fenkur, which give 

attachment to the rnf/tf"r inn?^l^»i of the thigh- 
TrTp'sin. The ferment principle in lancreatic juice which converts proteid 

material into ifptones. 
Tnbercu'lty- [From the Lat. /wA^r, /uftmji, a "HWelling,"] A proruhernnce. 
Tur'tiuiated. [I^at- turhin<ifnii^ fn^n turfm, lartiinii, a *'top."j Formed like a 

top ; a name given to the boneH \xi the outer wall of the na^^l foflsie. 
Tym'paDum, [From the fir. Iijmpanon, a " drum."] The riru^n or hollow 

part of the middle ear^ 

Ul'na^ [Lat. tlie "elbow/'] The inner bone of the fore-arm, the olecranon 

pmrcss of which forms the cUkjw- 
Umbiricuj. [Lat. ih*^ " navfl."] A round cicatri^t or scar in the median 

line of the ahUomen. 
U'rea. [From Ih" Lnf. nrini. "urine."] Chief solid conatiluent of urine. 

Mitrogpiions prrMlnct ol ti<(Hnt* decomposition. 
tTre'ter. [Fnnn tin- Cr. mif-o. to "p:iA« mine-"] The tnlie through which 

the urine U ecinvi»ye*i frcnn the kidnev to the bladder, 
Creth'ra- [Kroin tin? iW. otirrii. i<»"|NiJ<s urine."] The canal through which 

the uriH'- i^ nnnveyed from the blmlder it* the meatus urinarins. 
U'Tula. [Him, of Lat- uca. a "grape."] The small, elongattfd, tieahy body 

hanging from the soft palatv- 

Vag'inal. [From the Lat. tafjino. a " flheath."] .^AfflM-like. 

VaVvulz Connivcn'tea. [LaL] A name given to transverse folds of the 

mucous mpmhran<* in Ih'* ?inn1l intp^tine- 
VaB'a Vaso'ram. [I«il.] *'Thc vensels of the veHwK" Tlie small blood- 

peifth wiiich supply this ^vnlU of the lar^-t^r blood-iT^^/j with blood. 
Vaa'cnlar. [Krom tlie Lat- vascuiutii, a "little vcaseL"] Itelating to letfeh; 

full of veeaeis. 
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VMO-mo'tor- (From the Lat. vtw, a " Teasel," and mowo, tnotum, to ** move."] 

Causing motion to the vaaeis. Vaso-Qiotor nerves cause contraction and 

relflxatiuii uf tbe blood-veeaelfl- 
Ve'na C«'TSt pi- of Ve'iia Ca'T*. [J^t] " HoHow veins." A name given 

to the two great veiofl of the body which meet at the right auricle of the 

heart, 
Ve'na Com'ftes. [Lat.] "Attendant reins-" Veins which accompany the 

arteries^ 
Ven'tral- [From the Lat. venttTf imuruf the " belly-"] Belonging to the 

bfHy cavity, 
Ven'tricle. [From the dim. of I*at. venffr, the "belly."] A small capi/i^. 
Ver'niifona- [Prom the hnUvtrmatt." worm," and ^rtno, " form-"] Warm- 

ghapeit. 
Ver'nii Cueo'u. [Lat.] "Cheesy vamiah." The fatty vamiak found on 

tlie new-bom infant^ which ia secreted by the sebaceous glands of the 

ekiii. 
Vet'lebiae, pi. of Ver'tebta. [Lat. from verto^ to ** turn."] The bonea of the 

spin«. 
VIl'lL [Lat. pi. of villits, "shaggy hair."] The conical projectiona on the 

valvulro coTiniventcs, making the mucous membrane look shagg^^ 
Vls'cera. [Lat.] The internal organs of the body. 
Vitet'Line. [From the LaL vi/elfu.^, the "yolk of an egg."] A term applied 

to the ifulk nienibraue, 
Vetl'lua. [Lat. fi-om nira, *'liEe."] The yolk o£ an egg. 
Vit'reous. [From the Lat- rirruin, " glass.**] Glasti-like. A name applied to 

the trftuspm-enl, jeUy-like substance which filU the back part of the eye- 
ball behmd the crystalline lens, 
To'inei. [Lat. a ^' pluu;^L^haTV."] The thin plate of bona shaped some- 

nhat like a ploaghsharf which separates the nostrils* 
Vnl'va. The external female genitals. 

Zo'iia PeUu'dda- [Lat-] "Pellucid zo[ie." The broad, transparent ling 
which snrrounds the ^^olk in the centre of the ovum. 
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AbdotDflDt diTMcHu of, 1H. 

AbHrbentA, 119. 

Ahftjrpticra. MR. 

AdlpoH liHDe, 17- 

Adjiutment of th« vjt, how ocGom- 

pllabed, 333. 
Air-ua, 133. 
Albumin, 70. 
Alimentary cmm.}, 103, 
Amoeboid moT«D«Dt, 7T. 
Aorta, M. 

■bdomlna], 98- 

IbonuHc, 9S. 
ApatieDroAet, 10. 
Appendix TermirormT IHS- 
Aqii»Diu bumour uf eye, 232, 
Armchnnid membrane, 2M. 
Areolar ilsflue, 14. 
Art«iim] lenBlon, 111- 
Arteriefl, of ti«d ftpd neckt Hfl. 

of low«r limb, lOl. 

■tructun of, 8B- 

Ubte of, 107. 

of upper lliDb, 97. 
Artery. Innominate, &i^ 

pnlmonarj. 106- 
Articuiatlimt publo, 3C- 
ARiculations, fr«ety movable, 46. 

Iramovtible, 47. 

tJIgbtly movable. 47^ 
AodHorjrnprvp. 20t*,22R 
Aoiicles of the heart, M. 

Bile. 172- 
Bladder. 18Q. 
Blood, 73. 

circalatlon of, 109, 

dotlLng of, 78. 

flbrln of, VJ. 

itUKtiontof, 73,«C 



Blood, plaama of, 77- 

red corpusclea of, 76. 

white corpusclea of, 75, 
Blood-TeuuTn. SI- 
Botllj' heat, VJt>. 
Bone, cribriform plate of ethmoid, 9^ 

development of, 22. 

ethmoid, 3U. 

hyoicj, 38. 

structure of, 20. 
Bones. '23. 

flat, ^J9- 

Irregular, Sff. 

ttyjiti. ■£*. 

short. 28. 

table of. 4A. 
Brain, the. 203. 

different parts of, 301. 

meiabranea of, ^03. 

wel^bt of , 207. 
Bread, rompoaltlon of, 151, 
Bronchial tubes, 133. 
BursK, SQ. 

Caeiirum, 1^. 

Canal, alimentary, l.'IX 

c^ntral. of epiual cord. 2]0. 
Canals. Haversian. 22. 
Capillaries, {lO. 
CaTbi>-hyd rates, 118. 
Carbiinif' acid. Excretion of, 179. 

pTMiH>rlion oF, in air, 138. 
Curriia);fr, 18. 
Caviiy. buceal, 109, 

dorsal, 2. 

poMc, 13. 

thorariu. 4D, 

ventral, 3. 
Cell, tbe.l. 
Cerebellum, 20A- 
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Cerebro-spinal syitflm, 203. 

CftMbTura. 20G. 

Chord » t«ndiiiee, M. 

Choroid coat at eye, 239, 

Chyle, 172, 

Chyme, 171. 

Cilm. 11. 

Circulation, HrierlHl, 110. 

capillary, M'l. 

fu-tal, 115. 

tffiiieTHl, lOOr 

portal, IU'4. 

pulinoTinry, 109, 

Hummary of. 114. 
Coccyji, -K», 
Colon, IG2, 
Colour, 2-^4. 
CobJLiii^^lLva, 144, 221»- 
GMiiierlive li^op, proi»er, 14- 
CoiiiiGclJve iJ&FiiK-n, 1^, 

dai^i1i<':ilioM of, 13. 
Cohtraclilil.Vp muscular, Q'2, M- 
Coni, spioHl, ^1". 
Corpiiwlvrf, reil, 15. 

Inctilp, llll,UlV>. 

nlilto, 7ti. 
Cranium, 41- 
Cryalalline has, 2%!. 

De^'elopineiit oT blao4t-veBs«l» Bud cor- 
punrle:^, 117- 

of bono, IT^. 

or muscular tla^iuu, 55. 
lHapbm[;m , 'i^- 
[Haslole, >Mi- 
Tfli'T, 151. 

MKeKiimi. VV.'. 174. 
Dl^estiw JulceUf bib-, 172. 

Enifllrir- 171. 

intrHlinal. II'V 

pniirrrjitii', 172. 

ealtv^i, 170. 
DEploJi. :tO. 
Dntt. cyRtic, IrtT. 

]le[ialLr, lf»7. 

nasal. '2'M- 

It^in-rv'Aiic. Ifp?. 

ri^-bt ]yin|>halir, 121. 

tlmm<lr, I'Jl. 
Dora inaier^ ^i. 

Ear, Ibe. 2-il. 

Kllmitnilioii. ITU. 
Epiilrnnis l!K». 
EpirbelUL lir^sue, H- 



Ei^thelluin^ sLmple, 10. 

Bini pie ciliated T 11. 

simple columnar, 10. 

aim pie glandular, 11. 

aim pie pavemeat, 10. 

stratified, ». 

tranaitlf^nal, 10. 
EuAtacblaii (ube, IDA, 224. 
Eye, the, 227. 
Eye-browH, 23*. 
Eye-lids, 2^. 

Fallopian tabea, 241. 
Faai^iib, lli. 
Fats, tIA. 

absorption of, 176. 

digestion of. 172, 
Fibre, non.slrlaied musoalUf H. 

HTriatird muscular, 03. 
Fibrin. 7'X 
Fibro-carlilage. 19. 
Fibrous tJABUe, 15. 
Fonlfltielle. 42- 
Forameii, thyroid, 35- 
Fo(nI, 14"!, 
Food-9tuffa, claaaiGod, 14T. 

Gall-btadder. ir>T- 
(Janfilia, 20:1. 

of sjiinul iiorrefl, 212. 

of Hym^wbolicByBtem, 214 
(jnstrlo julro, 171. 
Glaiuls, of Hrunner, 161. 

laihrymal, 2.t5. 

of LieberkUlm, 161. 

lympbalic, l'>4. 

niiimiimry, :^44. 

MdbomiHU, 23fi. 

Snlivnry. ISfi. 

aeliaob4>u», in3. 

AEcreling, 142. 

solllary, ]2ti. 

sweat, l&l. 
GloltiK, the, 130. 
ttlycoacti, I7li. 
Gullet, the. 108. 

Hiemoglobln. 75. 

Hairs, 192, 

Heart, beat of the, S6. 

caviliesof the, 84. 

position of the, 82. 

souiuIk of the, IW. 

struetnn- of the, A3. 
He.ll, dr^Lribuli'iu of. 197. 

prududion of, lyik 
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Hut, re^lmUon of, 197, 
HniDoan of th« «ya, 2^, 232- 

n«<MWcal vhIvc, lii2. 
Impulses, nervous, IW. 
lDll(Uum«iiim, lU. 
Insaiulble pcrApintloQ, IW- 
Ibleslinal juice, 17^. 
Enteatine, lar^e, ltt2. 

small, lUO, 
[rift, 229. 

Join IB, clLvificalion at, 47. 

muveiDtntB af, 4ff. 

table of, M. 
Jdlren Raslrir. 171. 

IdlMUua], 173. 

pancreatic, 173, 

Kidneys, blood-aiipply of, 1«3. 
pimlilon of, IWI, 
at rue I lira of, 162. 

Lftbyrinlbof ear, 22.%. 
Lacbrymal ^IauJb, 235. 
LacicalBn ll^>. 
Larynx, 11"^. 
UjEnmenia nubflava, 1H. 
IJgameTiCii, 15. 

ariniilnr, 70, 
Light, ^^11. 
ydea albji, M. 
UvtT, [loz^illon of Ihe, IfH- 

necri^lloii gf bile by tbe, Iffl. 

stmnnre of the, hi-l. 

LllII^, jtOHllJOII of tbf, l'i1> 

Hi met lire of the, l'-^^. 
Lyinpb, 7-.i. 121. 

fuiiriioiis iif, ]:*:{. 

nioveiiiriitM of, 122. 
Lympbulii: tflAii'K 124, 
Lymphatii^ vesHpls, llt>. 

Mammary ^Iniiils, -i-\- 
Ma-iikarhm, l'>1>. 
Me:il, CI nii|>o^]l 11*11 nf, LM- 
MnlullaoMiiii^Mi^i, 201, 
Mrdiil]:Lli-iL iirrvi'-libri:<4, 2I>1, 
31einbniiii\ bHi><i'iiieijl, l-iS. 
rniiripLis, 144, 

AeiMMl', 01, 

Hjnovi:ilH liip. 
Melab^ili^m, li. 
Milk, i'oiii|iiiHiri«tii of, 151. 
Mliierulfl, a-ifivd, lia 
Houtb, tbe, iSS. 



Miucular tEssue, 02. 

development of, 00- 

regeuwatloD of, 56. 
Uuflcles, abdomltial, action of, €4. 

aiiacbment of. 56, 

of head and face, S6- 

of neck aud trunk, liO. 

of lower flTtremtiy, 68- 

labia of cbief,7L 

of upper axtienlly, 67- 

Nalls, 1<I2. 

Nares, anterior and poflMrior, 221. 

Nerve-c-ulls, 200. 

Nervc-Hbrefl, 200. 

Nerv«!i, afferenl »r rtensory, 203- 

crauinl, 207. 

cleKen«raUon of. 31G. 

efTerunt or nurUir, 202. 

resell eraliou nf, "IM. 

spina], 212. 

Termi nation nf. 216, 
NervouH fiyj4teiii. 2U3. -JIH^ 
Nervous tissue- l^l!". 
Niirojfeimu;* wauie. exeralioa of, 18B> 
None, Ibe, 221. 
Nucleus, 7- 

<E>lema, 12.1. 
0^sipphnf;u4. iSHr 
Ori;aii:<, '.i. 

Jiens-iry, "_'IH. 
Ossoona tiMue, 20. 
Ovary, 24L 
Ovum, 'leM-rlptioii of, 243. 

(iTictarioii, va: 

Oxy^'on. i-onibhialiob of, vilh bemcH 
^IcFbin, 71). I:r», 

PannTjm, KtV 
Faorrealir jmi-e. 172. 
Papilln-. IK lyl.21l». 
Pal el In, .Vi. 
Polvis, 4:t. 
Pe|«in, 171. 
Pi-lilcnif, 171. 
Puriciircliiim, l^i- 
Purlosli-nin. 21. 
Perilnnrum, ^*1. 
Pi-mpiraLlitn, l^H. 
Fvyt-TK |»HiU'b. 127. 
Phiirynx, I."i7, 
PisinuUiT.iWW. 
Pliismu itf Ml.' Mnnil, 77. 
Hmim, Mhi:o. 
Ponit VnniUi, 2IIC. 
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pTooesB, 2fi. 
Blveulnr, 38. 
extern^] mnllfioliu, ^ 
1ni«rDHl imlleolus, 2a> 

alec noon, 'M. 

Prolflplainij 4. 

Ptyalin, 170, 

PuIb«, 110. 

Pylorus of atoraftch, ITO, ITI. 

Pyramidftof kidney, 182. 

Pyrexia, 197- 

Recepiafleof the chyle, 121. 
Rei-tum, lOQ. 

Ke^ncratlon at muscular tiuue. 06. 
Bttiplralion, 1^9. 135. 

abilniulnal i»r diaphrtigmalk, &i. 

effect of. upon air outsidB the body. 

];17- 
eff«ct or, upon alt wUhin tbe lunga. 

i;Uk 
effect of. upon the blood, 138. 
KetiEia. 2:i0. 
Rkbs, X». 

Sacrum, 40. 
Saliva, 170- 
liili\nryElanHN.156. 

&0iTi!thni[»U[id3.143. 
SftTtlUin 14:i. 
Sensory orjiuiis, 2W. 
Sishl, Icmumid nflar, 233. 
.Skeleton. 2: E. 
Skitj.fuiictTijruif the, 195. 

HirtLctureot the, 1«8. 
Skull, 41. 
Sound, '2*^. 
Splilnoier muscle of the blailder, tAl. 

of r^tnni. \&£^ 
Bplualonrd,^10. 
Spiufi, 38, 40, 
Spleen, 127. 
SloniHch, the, L'VS. 
Suprarenal capaulea, 187- 
Suture, 47. 
' Sweat-glands, IM- 
BympliysSs pubis. SS. 
Sym)Til,50. 

System t-prelin^flpinrtl, 203- 
iKrvous, 202. 
Bympalhclic, 214. 
Systole, S6. 



Teeth, IW- 

Temparatun of blood, 74- 

ot hudy liiti. 
Tend 01 w, I'i^ 
Ti^nslon arlerlnl, lU- 
Thonx,4fi. 
Tissue, adipose, 17. 
areolar, 14- 
carlllaxlnous. IS- 
connetTlWe, proper. 14- 
elaslio, 16. 
epilbellal, S. 
fibrouB, lA' 
muscular, 5% 
nervous, \V^. 
uBseouA, 20. 
Tissues, claanEflcatiotJ of, 4. 
Tongue, (be. 219- 
Toosila, 127- 
Trachea. 131- 
Tympanum, !£f4. 

Drea- JH6. 

Ureters, IW). 

Urelhm, 181. 

Urine, oompoaltlon of, 186. 

eKcreilon ot, 185. 

secretion of, 184. 
lllerus, 238, 
Uvula, 15A. 

Vagina. 237. 

Vrtht, bicuspid or mitral, 8B. 

lri(Hspiil,S4. 
Valvf^Hiri vt^Jns. 89. 

flpmflmiar B»i, 
VaU'Uin' <*<•')« iveniBB, IflO. 
Vein porml,lli:l. 
Veins. of Uyndftnd neck, 104- 

nl Uv/ct limb, ll>ri. 

pulmonary, lOfi. 

right and left azygO«, lOG. 

St r up] II re of, 1J9. 

system li\ 103. 

table of , 107. 

ot upper limb, 1(4- 
Venarava, bilerior, 106. 

KiL]"'rior H'-^ 
Venn eomitea, iCt^. 
VentrU'les of the brain, 206. 

of llu"hratt,84. 
Verlebne. 31'- 
Villl, U6, Ifil- 
VrK',iiror<N. laO, 

Waiile products, 179. 

Water, 14K. 

ZoDA pelluclda. 243. 
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''The pmeal edJiuKi !■ more than brBcly ttwued. Mui:li of it « T^wiillcn, iind i( it bnHi^ht 
■fuiH abrcuT wiEh ih« liicii wive of pm£rc«E of ^h^iiolwcal KKTicv, A chief nienl of thii wDik 11 
ifa judLci^I ECm^r, a ilnCT lifting iri fad Et-jdi fiLliun, the ditCMJ r»eiTi« at of ConciuliocK bucd oq 
iniulrauvlc data, and iinall likinf ihawn Igivard finciEiil ihou^h (UH;in*(ins hyputhnci. and lh« 
AVQwiil thai to imny que^Entnt, aitd loiqe offomqati mtereii and momeai* no ^aUiiyJng vitwcn cu 
yet Ik Biven-' — !^ev England Mtdtc^ Jeurnal. 

"It ■■ m all rc^pccti an ideal lEii-booV, II It only the pViy^logiitt w\m Itaa dryoted time la (be 
Hudy of lorpc brinch arili« gir^t fcicnce, who can Tcad bcEwecn thcljciet of ihii wondeifiillv ^□rnl' 
iced Accouat, Knd can ve upon whHt ao inLlmie and rvrcnsjve Vnowkdge tticw Et^nrratiEaiioiu an 
fauaded. It ■> ority the teuher who uu apprcciaTe ihe judicial baLincinK uf rirtdercc and ihc povef 
of iKCKiirkDi [he toiiclu^irtn « in luch clear and lucid forma. But by cvrzy one ihc ran mod^iiy of ihf 
aathQi in i;4e]>inK ihc clement ur^clf ia Entirely in th? batlLgnmnd muil w npprrciatcd- R«vipwiiid 
thifl noLiimr u a wllole, we are juilificd ed faying that it U the ^nly thoraiiE^ly good If Xt-book d 
phytiolocy in ihc Enohth lanatia^, and ihal it is probably tba bat teal-book in any laDiuafe."-* 
EdithHrgh Mtdiealjeui-tiiu. 

" From in fiTii iiiuc aa a linftle ofcavo volume of moderate aiie, in iB^6, if baa lo grown tbat 
each of the live Partt ii, in tbii wich coili'^nt nearly ai lar^e ai the Cntirr ongmak ivorV- From the 
bcEinnlng it wi* reeardcd ai a ma«ierpircc, and at once took a prominent place anioD| lext-booka of 
pbyiiokaffy. . . . Iror>c leeki for the reaii »■■ of the high uiimate in whH:h ihit work u held on botb 
aidn of the Atlantic, b^ the mc4[ advanced studcnit ai well a« by j^eneral rcaden^ it nmy be lound in 
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